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PREPACE,

ArTER the appearance of s0 many excellent

treatises on the science of chemistry, of all sizes

and all forms, it will be very natural to ask;
what useful purpose can the author of another el-

.ementary work have in view ? To this I answer,

that I have undertaken to present the science in
a manner, which shall render it accessible to ali .
academies, and to all other public schools, when
competent teachers are employed ; also to pop-
ular assemblies, where lectures are given.

"I have even endeavored to bring down the sub-

lime science of chemistry within the reach of
the laboring agriculturalist, the mdusglous me-
chanic and the frugal housekeeper. Bat in do-

ing this, I hope I have not degraded the science

by low.or vulgar descriptions ;.though I have
every where aimed at.a famlhanty im manner,
which must necessarily sink befow that style
which is always desirable.

I have not intentionally omitted any principle,
which applies $o the common purpases of life ; or
which explains phenomena interesting to the stu-

dent, who is not over curiou,s; Thowe discus«
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= ons and experiments, which are directed to mi-
its, as how many states of oxydation
or Tellurium is capable of, the possible
f Chlorates and Iodates, and other pos-
binations, I have totally omitted. But
deavored to elucidate and explain the
'n of every practical principle of the

not directed the instructor to one exper-
rich [ have not myself repeated. 1 have
d the description of an experiment from
r whatever. Buat I have written out
iption of every experiment from my own
on of the manner in which I have per-
t, excepting a few experiments in gal-
ind two or three others, which I have
|, but not recommended ; and those I
om my recollection of the manner in
¥ave seen Prof. Silliman and others per-
n. Idid not adopt this method of writ-
iptions from recollection, because { ex-
a this way ta arrive at more accuracy or
spicuity. Butt believe, and I hope my
rill agree with me in opinion, that I have
y deseriptidns more accessible to juven-
;, by writing as T would talk to a class

» persons, whom I wished to instruct,
P bave been done by copying from the
and the elegant,
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I have selected those experiments which can
be performed with least expense, and which are
most unequivocal in their application. T have
also given my directions with a particular view
to the materials which will be within the reach
of the instructor. Haking given seventeen ex-
perimental courses before mixed audiences of
learned and unlearned, in small vmages as well
as in cities ; I have learned from experience to
subject myself to various caprices and to dis-
pense with many conveniences. And the reader
is requested to ascribe whatever he finds in this
little treatise of a peculiar character, savoring of
affected singularity, to this cause.

This school book, as far as it goes, may guide
the infant steps of him, who calculates to become
a giant in chemistry. And this course of experi-
ments will enable the intelligent student to read
any work on the subject understandingly, how-
ever elaborate. It may be used asa stepping-
stone to sueh works as M’Neven’s Brande, Silli-
man’s Henry, Gorham’s Chemistry ; and finally
to the great works of Mirray snd Thomson,






INTRODTCTION,
"IN WHICH THE N£CESSARY APPARATUS IS DESCRYB-

ED, AND DIRECTIONS .GIVEN FOR EXERCISING STU-
DENTS AT THE CISTERN AND MERCURIAL TROUGH.

After the instructor has exhibited the elementary sub-
stances, and before he enters upon his course of experi-
ments, he ought to exhibit the most important part of
his apparatus, and cause his students to perform the most
common pneumatic operations of the cistern and of the
mercurial trough. He may conveniently do this by bring-
ing in, by appointment, half a dozen at atime ; and by
wmaking use of atmospharic air as a substitute for other
gases. Let each student’s own hands be applied, by
turns, to these operations. Half an hour will be suffi-
cient for six students to become sufficiently acquainted
with the pneumatic operations to understand the experi-
ments, afterwards to be performed, by the instructor.
The water of the cistern should be previously warmed, and
all acids and alkalies washed from the cistern, tables, &c.
to avoid injuring the health of the class by exposing their
hands and arms to cold water, or their clothes by the
acids and alkalies.

APPABATUS.

Pneumatic cistern. For an economical course of in-
struction, such as that proposed in the following work,
@ wooden box, three feet long, eighteen inches deep and
eighteen inches wide, will be sufficient. It is, made of
pine plank, so arranged that the grains of the wood all
run in the same direction ; so that all the pieces, consti-
luting the  cistern, may swell and shrink uniformly.
Consequently, in the end pieces the grains are vertical
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Grooves are cut in the side pieces to let in the bottom
and the end pieges. There is not a nail nor a pin used
for holding it togather, It is wholly secured by iron rods

with nuts and screws, resembling sleigh rods ; and these -

are confined to the two side pieces, Three rods at each
end and four under' the bottom are sufficiesnt. These
may be loosened and tightened, by turning the nuts, as
the planks swell and shrink. A lid is attached to one
end of the cistern by strong iron hinges. This is very
useful for covering up the cistern to prevent its freezing
in cold weather, for the convenience of transportation,
and to serve for a table when open. A

The inside of the cistern is divided into three equal
parts, by inch square posts, screwed to the side pieces
within, and by beams an inch and a half in depth and an
inch thick resting upon, and screwed to the upper ends of
the posts. Theupper sides.of the beams are four inches
lower than the top of the cistern. The middle division is
the well ; across which, with its ends supported on the
beams, is the: mbvcable gshelf. This is three inches wide
and two inches thick, having two inverted tunnels
wrought in its under side, terminating upwards in small
holes perforating the shelf. Onec of these holes in about
three fourths of an inch in diameter, which is generally
used ; the other is.a quarter of an inch in diameter,
which is used for filling vials with gases. Shoulders are
cut at each end of the shelf, letting it down so that it is

but half an inch higher than the top of the beams ; and.

half buttons are screwed under side, so near the ends as
to be outside of the tunnels, in order to button the shelf to

the beams to prevent their rising up.
The division on one side of the well is filled with a

wooden gas-holder ; which consists of an inverted box.
The bottom of the hox being upwards, it serves for &
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shelf ; and thebox is made of such a depth, that it forms
ashelf on a level with the moveable shelf. A semi-cir-
cular hole is cut in the side of the gas-holder next to the
well and adjoining the bottom of the cistern, for the con-
venience of pouring under gasses with the bell-glasses.

The division on the ather side of the well contains two
‘tin gas- -holders, with rings to raise aud lower them by.
These are of a suitable depth for forming shelves-on a
level with the moveable shelf also.” But they have no
hole or opiening on their sides, excepting a slit or kind of
scollop half an inch wide ; for they are raised up by their
rings and suspended by strong wire hooks, which are at-
tached to the cross bar, when gases are introduced into
them.

Each gas-holder has a half-inch hole and a quarter-
inch hole, for the admission of a large and a small stop-
¢ock, tube or stopper. Half inch tin cylinders are sol-
dered to the upper sides of the holes in the tin gas-hold-
ers, to stéady the stop-cocks. And that part of them,
being used-for shelves, ought to be made of double tin
sheets to stiffen them.

T'wo narrow slips of beard are screwed on the outside
of the cistern, in a vertical position, opposite to each oth-
er, against the centre of the division containing the tin
gas-holder, which are connected at the top by a cross-
bar. They are of such a length, as to elevate the cross-
bar abeut twenty inches aboye the top of the cistern. If
the cistern is to be transported from place to place, the
posts must be supported by a piece of sheet iron, of a sta-
ple-like form, screwed on the outside of the cistern, so
that they- may be conveniently taken off.

4 forge and furnace. Let a sheet iron stove be made,
22 inches long, 16 inches wide and 16 inches high. Let
the corners be as nearly square as the sheet iron can be



a2 INTRODUCTION.

«nnveniently wrought. Let a hole be made in one end
about an inch in diameter, 3 inches above the bottom,.for
the admission of a bellows pipe. - Place the neck for
the stove pipe on the top, very near the opposite end.
Cut an opening for a door in the middle of one side
of the stove, nearly of a semi-circular form with the
strait side down, 3 inches above the bottom. Let its
strait side be 12 inches, and the height 8 inches. Leét
the piece se cut out be used for a door or lid, by shov-
ing it up one inch, and supportmg it at that height by 2
iron pins near the top of the opening on the outside and
two corresponding holes in the upper edge of the lid to sus-
pend it by. Cut a hole one inch and a half in diameter,
opposite to the centre of the base of the door, 2 inches
above the bottom of the stove. A suitable length of pipe
for conducting off the smoke under the mantle piece of a
chimney or out ata wifidow, finishes the iron part of the
forge. A dripping pan, with a 3 inch brim, as large as
can be put into the door, will be wanted for a sand bath.
‘To use this apparatus, make a strong bench, about 8 feet
high, and a few inches wider ‘and longer than the stove,
and set it about 8 feet back of the cistern. Let it be sg
Situated thatevery auditor can see an experiment at the
nose of the bellows. Cover the bench with brick, and
set the stove upon them. Set up a row of brick edg-
wise around the inside of the stove. Bore a hole through
two brick for the bellows pipe to go through. 'Then lay
a floor of one thickness of brick inside of the stove.

When a forge is wanted, put in the coal, leaving the
door or lid off, and proceed as with other forges. When
a sand bath is wanted, set in the dripping pan half filled
with sand, supported oin another lining of brick, with
coal filled in. The heat under the pan may be regulated
by the bellows 3 or the lid may be put up and a brick left

il
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off in front, when the inch opening under lid will operate
as an air furnace. It may be used as an air furnace for
any other purposes in the same way. But I always pre-
fer regulating the heat by the bellows. I have then the
perfect command of _the heat, and can contract, enlarge
or otherwise direct it, by the aid of loose brick and by
leading the coal with a poker. The sheet iron sides of
the stove may be as easily defended with the loose brick,
as if set in morter. 1 am careful to keep a quantity of
square-edged brick, squared on a grindstone, of equal
dimensions. _ 4
. o Bellows. A bellows two feet and a half long is suffi-
cient for any experiments. 'T'wo upright strips of board
and a cross-bar make a sufficient frame for hanging it.

Tongs. * One light pair of tongs, with the rivet near
the bows, like taylors’ shears ; and one pair fitted both
%o hold a crucible and to pinch a-small thing as a nails
are sufficient. ,

Crucibles. One large lead pot, having a top large
enough to take in a pint retort ; and two or three nests of

" common crucibles. ‘

Gun-barrels. Two gun-barrels, perfectly stopped at
the brich, and air tight, will be wanted ; for that which
is kept for oxygen must not be used for carburetted hy
drogen nor for any other purpose, but collecting oxy-
gen. N -

Gas-tubes. Two leaden tubes, drawn down to about
half the size of leaden aqueduct tubes, long enough te
reach from a gun-barrel set in the forge, to half across
the cistern. A few tin and glass tubes will be-wanted of
various sizes, :

Stop-cocks. About half a dozen good stop-cocks, wil]
be necessary. Small brass cocks at ¢ he havdware store:

B
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ey ill do, if no better -can be had, by filing off the crooked
“Spart.
Flexible tubes. 'These max be made of geod calf-skin.

Buch tubes will not hold the gases, unless they are
! soaked in water three or fuur hours before they are-used ;
or a shorter time if the water is moderately heated.
f ) Ladle and Spoons. A common iron ladle, which will
hold a pint or a little less. A common. iron’table spoon,
a-tea-spoon, and silver mustard spoon.

Glass ware. 6 Plain pint retorts, $ tubulated half
pint retorts with long necks, 3 tubulated half pint re-
torts with whort necks, 2 half gallon bell-glasses, £
quart bell-glasses, 8 tubulated quart bell-glasses, 6 assay
glasses without feet or noses, sometimes called glass-
cylinders, 2 boltheads or mattrasses with 18 inch necks,
1 air thermometer, made like ¢ bolthead only more slen=
_ der and delicate, a dozen test glasses.

* Borrowed glass ware, crockery, &c. Any liberaljcrock-
i, ery merchant and druggist will lend the following arti-

cles, on condition they are paid for or returned clean and
- sound. 2 dozen plain wine glasses, 6 quart and 6 pint
. tumblers, 6 large and 6 small white earthen plates, 2
{ plain pitchers, 6 quart and 6 pint earthen bowls, 2 large
wash bowls, 2 small speciebottles, 2 large specie bottles,
2 decanters, an iron and a wedgewood mortar,

Mercurial trough. Get a mercurial trough cutin a
block of marble, about 9 inches long and 6 wide. Let it
be cut 3 inches deep, 6 inches long, and so narrow as to
Lold 12 Ib. of mercury, and leave an inch.unfilled. A
deep groove, for laying down a vial, in the centre of the
bottom. Any druggist will lend the mercury, if the de-
4 -ficiency in weight be paid for.

- Refiectors. Get a pair of tin concave reflectors, about
10 inches in diameter. Also a ball of iron with an eye
to hang it by, for using with the reflectors.
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Secales. An accurate pair of scales with grain weights.
Florence flasks and large vials. About a dozen of each*
Bags. About a dozen bags, large and small, made as
follows. Procure the smoothest and strongest dry blad-
-ders from the butchers. Rub them between the hands
until they are soft ; picking off all the fat, fibres, &c. at-
tached to them. Cut off the rough part of the necks, and
put into each a tin tube 3 inches long and of a diameter
just sufficient to receive a stop-cock. Then procure a
cork to fit each accurately. Into these bags gases may
be transferred by compressing them closely and applying
their mouths to a stop-cock of a gas-holder. A label of
the name of the gas may be tied to the tin neck, and th
gas laid aside for future use. Oxygen in particular,
more or less of which is always wanted, may be made up
in large quantities and kept in this way through a whole
course. One slender bent tin tube may be made and af-
tached to a stop-cock to fit all the necks. When the gas
i8 to be used the cork is taken out and the tube put in with
the mouth under water. Then by compressing the bag
the gas may be transferred to whatever place it may be
wanted for use.

Kettle. A sheet iron kettle, holding about 3 quarts
with a handle on one side 18 inches long, and a pouring
nose on another side.

Dripping pan. An extra dripping pan, besides that
used for a sand bath, about 12 iuches square.for holding
coals, and for setting the lead pot in. This may be set
on a couple of bricks lajd on a table or bench, when coals
are put in the pan, or when the lead pot contains coals
and is set in it. .

Fender plates. A square plate, whose bread this apout
equal to the leng h of the lead pot, is necessary for de-
fending the side of the cistern from the.heat of the lead
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pot or from the coals on the dripping pan, when they ars
used near the side of the cistern for heating retorts, &c.
A sheet of tin with slips cut and bent so as to make it"
stand on one edge upon a table, is wanted also.

Etching box. A box of tim, lead or copper is better,
two inches square and two inches high, open and perfect-
ly even on the top. It should be set in a hole in the cen-
tre of a tin plate, so that cold water may be poured on a
piece of glass laid over its top, without wetting the coals
on which the box stands. .

Fire Syringe. A syringe of lead, pewter, or other
metal, six inches long, and closed at the end.

Hammers, a block of iron for an anvil, wire of various
sizes, gallipots, tobacco pipes, pinchers, cork screws, and
numerous other small articles will be wanted ; which will
occur to any instructor without particular directions.

———

EXERCISES,
AT THE CISTERN AND MERCURIAL TROUGH.

'The cistern is set firmly upon short cross benches, ele-
vated sufficiently to bring the top of it to the instrdctor’s
elbows. It is filled quite full of water. A tub stands
under it with one edge projecting a few inches, directly
under a large brass cock, which is fitted in, level with the
inside bottom of the cistern. A long horizontal hole or
slit is cut against the centre of the well, half an inch be-
low the top, which is four or five inches long and half an
inch thick. A stopper is fitted to this, which may be pull-
ed out to let the water run through it into the tub, when
the experiments are of that kind, which may cause the
cistern to run over.

1.. Let each of the students fill the bell-glasses with wa-

ter and set them on the shelves. Hold a bell-glass, tum-
bler, cylinder, or specie bottle, in a horizontal position
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over the well. Sink it in this position until it is almost
full, lower the closed end until all the air passes out;
then turn the closed end upwards and raise it carefully,
pressing it against the shelf until it is high enough to
slide-on the shelf.

2. Let each student transfer air from one bell-glass to
another. ,

In this operation let the air be carefully poured up un-
der water, into a glass previously filled with water, so
that no bubbles shall escape.

8. Let each student pour air into the woaden gas-holder, .
through the semi-circular hole.

In performing this operation, slide the vessel down
against the gas-holder, keeping it in a vertical position
until it reaches the bottom of the cistern. Then incline
it towards the horizontal position, and at the same time
crawd it gradually into the gas-holder.

4. Let each student pass a current of air from a gas-
holder by way of a stop-cock through a tin tube.

A stop cock is fitted into one of the holes of a gas-hold-
er (the other hole being stopped with a peg,) and the gas
holder is afterwards filled with air. If it is the wooden

one, the air is poured under as before mentioned, or blow
it under through a tube. If it is one of the tin gas-hold-
ers, stop it close and draw it up by the handle, it being
full of water, and apply the ring to a hook which is at-
tached to the cross-bar. Now blow the air under through
a tube, or pour it in from a bell-glass. The gas-holder
being filled, press it down to the bottom of the eistern,
and stay it there by applying the moveable hrace, which
is morticed into the cross-bar. Wring a tin tube on to
the stop-cock, and now turn the stop. A strong currenk
will be forced out by the pressure of the water of the cis~-
tern into the gas-holder belxgv;

N o
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5. Let each student pass a current of air from a gas-
holder threugh o flexible tube and tobacco-pipe, and make
soap bubbles.

Perform this operation as the last, with the following
additions. Put the flexible tube upon the end of the stop-
cock and tighten it by winding waxed threads around-it.
Fasten it to the tobacco pipe in the same way, Seta
bowl of soap suds on a table within reach of the flexible
tube. Dip the pipe bowl into the suds, turn the stop, and a
current of air will be pressed out and inflate the bubbles.

6. Let each student fill a small glass cylinder, invert it
and set it on the shelf of the mercurial trough.

This operation is performed as directed with water-
But requires that the glass cylinder be grasped firmly and
held steadily.

7. Let each student transfer air from one cyhndcr to
another over mercury. -

This operation is performed like the same over water ;
but as soon as the vessel is nearly emptied it will be lifted
up and overset by the mercury. To obviate this difficulty,
moveable straps of tin cross the trough and bend down
at each end to fit the outside of the trough. A hole is
made through each strap, so as to come over the shelf,
rather larger than the largest of the cylinders used in the
trough; which is about an inch and a half. On the'un-
der side of each strap of tin a tin cylinder is svldered on,
to surround the hole, for the purpose of steadying the
glass cylinders—these tin cylinders ave never so long as
to reach the inercury. Slits ought to be cut in their sides,
so that the contents of the glass cylinders may be secn.
When they are filled with mercury, one of those ting
should be set over each ; then they may be filled with air
conveniently without falling dewn.

Ly
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8. Let each student pass air into a glass-cylinder over
mercury from a bag, aecording to the method necessary
when, the gas was collected over water, and il is required
that the cylinder should pe perfeetly dry.

Compress the bag so as to force out all the air. Wring
the tin mouth tight upon a stop cock which is fixed into
the hole of one of the gas-holders, and tighten it with
wet tow if necessary ; at the same time let the collapsed
bag be held upright to preventits getting wet. Having
put a sufficient quantity of air into the gas-holder, as
before directed, now turn the stop, and the water of the
cistern will press the air into the bag, untilit fills, Dis-
engage the bag from the stop-cocly, at the same time slip
the thumb over the tin mouth of the bag. All being ready,
take off the thumb and instantly wring in a closed stop-
cock, which has a slender curved tube attached to it.

‘Press the bag a little in the interval, between removing

the thumb and inserting the stop-cock, so as moderately
to force out air, in order to be sure that none passes in.
Now take the bag to the mercurial trough, and im-
merse the end of the tube in the mercury, with the curv-
ed tip pointing upwards. Press the bag and force out &
little air, sufficient to force out all that was previously

" in the pipe. Then set a cylinder over the tip of the tube,

which was previously filled with mercury. Compress
the bag, turn the stop and fill the cylinder full, which
will force down the mercury.

9. Let each student use a retort by passing a common
gas into a receiver.

In performing this experiment, let the students pro-
duce either hydrogen or carbonic acid gas in the com-
mon way. Let it be received through a funnel hole in
the moveable shelf into a bell-glass.



20 * INTRODUCTION.

10. Let each student take the specific gravity of u min-
eral. .
Weigh a small mineral specimen in the air, suspended
from a beam of the scales by a fine silk thread. Then
let it hang in a tumbler of water and weigh it there.
Now subtract the weight in water from the weight in
air, and divide the weight in the air by the differcnce,
and the quotient will be the specific gravity.
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CHEMICAL SUBSTANCES,

¥or A Coumse oF EXPERIMENTS,

Test for acids and alkalies. Collect in the month of .
October or November, leaves from the red cabbage.
Those of the brightest red are not the best ; but those
should be selected, which are rather blueish or glaucous.
Dry the thinest parts of the leaves by slow heat of a fire
or stove. The heat should not be sufficient to dry them
in less time than four or five days. When dried suffi-
ciently break them up pretty fine by rubbing them in the
bands, and cork them up in dry vials. When wanted
for use put about a tea:spoonful into a wine-glass of
pure rain or river water, and soak it about an hour.
Then press it with a rod and pour off the water into
another wine-glass or vial for use. It should never
be used WP the infusion has been made longer than
two or three days.

Procure at the shops, or elsewhere, the following sub-
stances :

Sulphuric acid 2 gquarts, nitric acid 1 pint, muriatic
acid 1 pint, iron filings at the gun smiths 6 pounds, phos-
phorus 1 ounce, oxymuriate of potash 1 ounce, sulphur 1
roll, sea-coal 6 pounds, hard soap 1 pound, chalk 6
pounds, carbonate of ammonia 1 pound, mariate of am-
monia 4 ounces, oxyd of manganese 10 pounds, salfpe-

“tre 1 pound, red lead 3 pounds, pearlash 3 pounds,
quicklime 6 pounds, fine table salt2 quarts, white wax 1
cake, borax 2 ounces, fluor spar 2 ounces, carbonate of
soda 8 ounces, liquid ammonia 8 ounces, copperas 8 oun-
ees, blue vitrol 2 ounces, alum 2 ounces, white vitrol 1
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ounce, magnesia of the shops 2 ounces, epsom salts 2
ounces, sugar of lead 2 ounces, corrosive sublimate 1
ounce, calomel 1 ounce, lunar caustic quarter efan ounce,
verdigris 2 ounces, nut galls 2, prussiate of potash quar-
ter of an ounce, spirits of turpentine 1 pint, oxalic acid
quarter ofan ounce, or it may be ebtained in theexpress-
ed juice of green wood-sorrel, alcohol 1 pint, ether 1
ounce. A little zinc, tin-foil, bismuth, gold leaf, arse-
nic, copper filings and lead bar. Also a little gom-ara-
bic, starch, white sugar, sweet oil, rosin, camphor, li-
quovice in ball, india-rubber, indigo, prussian blue, low-
ers of benzoin, citric acid, vinegar, glue, isinglass.

It is best to put all these articles into vials or boxes
shut closely ; .and have them all labelled aud well ar-

ranged.
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NOTICES.

All that is intended for the lessons of students in pub-
lic schools, is printed in italics.

Whenever the instructor wishes farther to illustrate
any principle by experiments, he will find enough well
described experiments in Silliman’s Henry, and a multi-
tude of short descriptions in the little work of Cutbush.

Every instructor ought to have Gorham’s Chemistry
-and M’Neven’s Brande. Here full discussions mnay be
found, to aid in the preparation of lectures.
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Chemical Instructor.

. s @@ 0w

WHENEVER a private gentleman, a solitary stu-
dent, or a public teacher, proposes to acquire or
to communicate a knowledge of Chemistry, the el-
ementary constituents of all things with which we
have any concern in life, should at the outset be
classified, and so arranged that all may be seen and
compared at a single view. ‘

There are, in the cabinets of the learned societies,
a few rare substances, which are not easily obtain-
ed. Butany public teacher, who is tolerably assid-
uous, may enable himself to say to his class, « I
“ now exhibit before you the elementary constitu-
‘¢ ents of all material things, with which you have
““ any acquaintance, excepting a few rare specimens,
“ whiclgieme of you may have seen in the muse-
“ ums ofthe curious.”

The class should be told, that all the productions
of Nature and Art are the result of the various com-
binations of the substances before them. Conse-
quently, that each individual must become so far

acquainted with each of these substances and the
- chemical powers, before another step is taken in the
course, as to associate the idea of one or more of its
properties with its name whenever it occurs,

It is not necessary in all cases, that the elementa.
ry substances should be separated from their com-
pounds ; provided they can be presented to the
senses in any manner, so as to enable all the mem.
bers of the class to fix upon some striking property
of each substance, whereby it may be recollected
on the mention of its name.

‘ C
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CHEMICAL POWERS axp SIMPLE
SUBSTANCES.

In the present state of chemical knowledge, these
are estimated at fifty-two in number ; all of which
are supposed to be simple substances, excepting
affinity, which is a property of matter. Some che-
mists consider caloric, electricity and light, as mere
proFerties of matter also.

They are divided into five classes. 1. Chemical
Powers. Affinity, Caloric, Electricity, Light.
2. Acidifying Substances. Oxygen, Chlorine ?
Fluorine ? lodine ? 3. Avidifiable Substances.
Hydrogen, Nitrogen, Sulphur, Phosphorus, ‘Car-
bon, Boron. 4. Metalloids. The bases of alka-
lies and of alkaline earths, Potash, Soda, Lime, Ba-
rytes, Strontian, Magnesia—and the bases of earths
which are not alkaline, Silex, Alumine, Glycine,
Zircon, Yttria.” 5. Metals. [Iron, Mfznesc,

Tin, Zinc— Arsenic, Chrome, Molybde: Tung-
sten, Columbium—Copper, Antimony, Bismuth,
Cobalt, Titanium, Tellurium, Cerium, Uraniumm—
Gold, Silver, Platina, and its alloys, Palladium,
Osmium, Rhodium, Iridiam—Mercury, Lead,
Nickel.* .

These should be exhibited to the class at the
commencement of the course; and should be im-
pressed upon the memory by the following remarks
and experiments. In public schools the pupils
should be frequently questioned upon them, early
in the course.

* Four new simple substances are said to bave been recently discovered. Lithium,
which is nearly related to Soda ; Thormium, said to be d with Yttria ; Selinum,
found in sulphur, and resembles tellurium j, Cadmium, contained in zinc, and resem-
blestin. They are all extremely rare, and mostly of a doubtfid character.

Py
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Crass L Powers,

‘There are four powers or principles by which all
chemical changes are effected ; viz. Affinity, Calo-
ric, Electricity and Light.

Affinity. That kind of attraction, which unites
the constituent atoms of material substances.

Illustration. Pour sweet oil into a wine-glass of
water. Attempt to mix the oil and water by stie-
ring it. As the oil will continue to remain in glo-
bules separate from the water, here is manifestly a
want of affinity between the oil and the water, Now
put in a little pearlash, and a white liquid soap will
be formed of the oil, pearlash and water. This
union is effected by the affinity of the pearlash for
both the water and the oil.

Caloric. The matter producing heat.

Illygeation. By a reference to a stove, candle,
&c. e matter of heat exists independent of its
effects ; and the sensation perceived by bringing
the hand near it, is produced by the motions of this
matter, which effect is called heat.

Electricity. A principle, or subtile fluid, which
may be excited by friction, so as to produce attrac-
tion, repulsion and heat. Lightning is the same flu-
id most powerfully excited.

Illustration. Rub a clean silk handkerchief, af-
ter spreading on it an amalgam of tin, zinc and mer-
~ cury, upon a clean tube of thick glass; then shew
its attractive and repulsive powers by bringing near
it the suspended ends of silk threads, down, pith
balls, &c.

Light. That principle, or subtile fluid, which
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renders material substances manifest to the sense of
seeing. -
Tllustration. Refer to any object in the room.

. Here rays of light pass from the candle or window
to the object, and are reflected or rebounded to the
eye; bringing with them the image of the object, .
which they impress upon a wide-spread nerve, by
which it is communicated to the sensorium, or re-
eeived by the mind. '

-»o‘““-
Coass II. Acipirvinc SuBsTaNCES.

Four substances, supposed to be simple, are
said to possess the power of rendering certain other
substances acid, and of supporting combustion.—
Viz. Oxygen, Chlorine ?* Fluorine ? and Iodine ?

Oxygen. The respirable part of the atmos-
phere, the onlg acidifying principle, and they sup-
porter of combustion, which is applied to thé common
operations of nature. ’

Illustration. Having procured some oxygen gas
by the process to be described hereafter, exhibit its -
power of supporting combustion by dipping into it
and relighting an extinguished candle by the heat
of the wick.

Chlorine. (Oxymuriatic ‘acid.) A substance

*The simple nature of chlorine is not demohstrated; for the result of every expe-
riment instituted for the purpose of proving its simple nature can be explained on the
principles of Berthollet, Berzelius, Murray and Ure, who call it oxymurintic acid, or
muriatic acid with an additional portion of oxygen. Todine and fluorine are ina still
worse situation. But they may all be retained in this class, without materialiv embar-
rassing the science ; and it appears to be necessary while the authority of a ereat zame
holds this part of chemistry ina kind of vassalage. It is advisable, however, for teach-
ers to conduct their courses in relation to muriatic acid and fluoric acid upon the priucis

" ples of Lavoisier, regardless of this parasitic part of chemical nomenclature.
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which possesses the power of extinguishing vegeta.
ble colours, either in the state of gas or in combina-
tion with water. It becomes muriatic acid by be-
ing deprived of a portion of oxygen, or else by
uniting with and acidifying a portion of hydrogen.

Illustration. Having procured some chlorine in
the liquid state, by the red lead process to be de-
scribed hereafter, obliterate writing and the colours
on a piece of calico, by wetting them withit. The
writing will disappear in about two minutes, and
the colours of the calico will begin to change in five
minutes, and some colours will disappear in fifteen .
minutes.

Fluorine. An essential part of fluoric acid, which
dissolves flint and glass. "I'he acid is probably form-
ed by divesting the fluorine of a portion of oxygen ;
or else by its uniting with, and acidifying, a portion
of hydrogen. :

Tilusfion. Put into the etching box a little
coarsely pulverized fluor spar. Pour in just sul-
huric acid enough to wet it.  Set the box on coals
m the dripping pan, which may be supported on
bricks upon a table. As soonas a vapor appears to
arise from the box, cover it with a piece of glass.
In about half a minute the glass will be corroded by
the fluoric acid gas. Letters may at this time be
etched upon the glass, as hereafter descyibed, if the
instructor has time to prepare it. ‘

* Iodine. A substancein the form of dark shining
metallic scales, which readily becomes, by the warmth
* of the hand, a beautiful violet coloured vapour, and
it possesses in a small degree, the power of discharg-
ing vegetable colours. 1t supports the cdmbustion
of the basis of potash. c

: 2
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llustration. This being a substance of no prac-
tical use and not yet generally understood, and of a
doubtful character, it will be sufficient to show the
class a specimen of barilla or kelp from which it is
obtained, or even a specimen of sea-weed, from
which the kelp is obtained, as containing the iodine
-if it is a simple substance. Those who wish to an-
alyze this substance are referred to M‘Neven’s Bran-
de, p. 73, and Gorham’s Chemistry, Vol. 1. p. 256.
As it resembles chlorine in many of its properties,
and is obtained from a substahce growing in salt
water, it may turn out to be muriatic acid in some
state of combination, analagous to oxymuriatic acid,
or chlorine. )
@ @0
CrLass III. AcIDIFYABLE SUBSTANCES, NOT
METALLIC.

Six simple substances, besides the metals and
metalloids, are susceptible of an union @Rth oxy-
gen. Viz. Hydrogen, Nitrogen, Sulphur, Phos-
phorus, Carbon and Boron.*

Hydrogen. A very inflammable substance when
in the state of gas, and the lightest of all gases ;
though it is the basis of water. .

Tllustration. Puta gill of water into a junk bot-
tle, and add a table spoon-full of iron filings. Then
pour in half a wine-glass of sulphuric acid. As
soon as the hydrogen gas rises out of the bottle
‘profusely, light it with a candle. It will explode
slightly at first and then burn steadily for a consid-
erable time.

* The bases of Muriatic and Fluoric acid are removed to class 2d wl-:mtheym
called Chlorive and Fluorine. Future discoveries may bring fhem back to this class,
bowever. ' \ ¢
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Nitrogen. That substance which constitutes more
than three fourths of the atmosphere, which extin-
guishes flame, and when breathed alone, destroys
hfe.

Iltustration. Fill a soup plate with water. Set
in it a small gallipot, which will float on the water.
Put in the gallipot a piece of a stick of phosphorus,
the fourth of an inch in length. Set the phospho-
rus on fire with a lighted roll of paper, and the riext
" instant shut over the gallipot a quart bell-glass or
quart tumbler. The burning of the phosphorus
will consume the oxygen of the air contained in
the tumbler, sand leave the nitrogen. The water
in the plate will rise up and fill the vacuum caused
by the loss of the oxygen, while the gallipot will
float on its surface. After the white vapour sub-
sides, remove the plate with the tumbler, &c. to a
tub or pail of water. In that drop down the plate,
draw oy the gallipot through the water of the tub,
place a piece of well soaked pastéboard over the
mouth of the tumbler while under water. Then
holding the pasteboard close on the mouth of the
tumbler turn.it upright and set it on the table. Take
off the pasteboard and dip in a burning candle,
which will be extinguished. This may be repeat-
ed several times, shewing the class that nitrogen ex-
tinguishes flame,

Sulphur. A yellow solid inodorous inflammable
substance, which becomes a strong-scented suffocat.
ing gas on burning. ' :

Hlustration, Exhibit a piece of roll brimstone,
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Phosphorus. A reddish-yellow substance, of a
waxy texture, so highly inflammable as to be inflam-
ed by friction. »

Illustration. Lay a shaving of phosphorus on a
slip of pine board and rub it with another, when it
will take fire and blaze rapidly. ’

Carbon.. A combustible substance, forming the
basis of charcoal, and existing pure in the state of
the diamond.

Illustration. Exhibit a piece of common char-
coal. :

Boron. The basis of the only solld mineral acid,
called boracic acid. _

Illustration. Exhibit a piece of common borax,
which consists of boracic acid combined with soda.

@ @O e . e

~

Crass IV. MEeTaLroIbs.

Eleven substances are supposed to consist of 0x-
ygen combined with bases resembling metals.
These bases or imaginary bases, are called metal-
loids.- They are divided into two sections.

Section 1. Bases of Alkalies and Alkaline earths,
viz. of Potash, Soda, Lime, Barytes, Strontian, and
Magnesia.

Potash. A paustic substance, which, by attract-
ing moisture from the atmosphere, becomes dili-
quescent. ) _

Illustration. Exhibit a piece of pearlash, which
has become soft or diliquescent by having been ex-
posed to the atmosphere three or four days.
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Soda. A moderately caustic substance, which,

by exposure to the atmosphere, becomes qﬂlores-
cent.

Tllustration. Exhibit a piece of carbonate of so-
da, which has become mealy or eflorescent on the
outside by having been exposed to the atmosphere
about a week. *

Lzme. A caustic earth, which becomes heated
'and Jfalls into powder by 6emg moistened with wat-

s and whose .yec ific gravity in the state of a
rock is always below three.

Hlustration. Exhibit a piece of unslacked lime
and slack it on the table in the common way.

Barytes. A caustic earth, which becomes heated

and falls into powder by being moistened with wat-

" or ; and whose specific gravity in the state of a
rock is above four.

Illustration. Having shewn the process of slack-
ing with the lime, shew the specific gravity of a
piece of barytes by the method to be descnbed
hereatter.

Strontian. A caustic earth, which becomes heat-
ed and falls into powder by being motstened with
water ; and whose specific gravity in the state of
a rock is between three and four.

Illustration, Shew the specific gravity of a piece
of strontian. -

* Ammonia is an alkali, but a8 it is composed ef nitrogen and hydrogen, it is placed
under nitrogen.
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Magnesia. A mild alkaline earth, which forms
a bitter salt with some of the acids, and gives an
unctious feel to its compounds.

Illustration. Pass around some epsom salts to
shew its bitter taste, exhibit a piece of carbonate of
magnesia, and pass around specimens of soapstone
to shew the unctious feel which it communicates.

Section 2. Bases of earth whicfx are not alkaline.
Viz. of Silex, Alumine, Glycine, Zircon, and Yt-
tria.

Silexx. A hard earth, which readily fuses with
alkalies and forms glass, and does not combine with
water so as to form a plastic paste.

Illustration. Exhibit quartz crystals, flints and
glass.

Alumine. An earth which is generally soft and
combines with water so as to form a plastic paste.
It is the principal base of alum and common clay.

Tlustration. Exhibit common clay, pipe clay
and alum. Exhibit specimens of saphire or un-
ground emery, and- shew that, though generally
soft, it forms these minerals, which are the hardest
substances in nature excepting the diamond.

*Glycine. An earth which, with some acids,
forms sweetish astringent salts.

Ilustration. Exhibit a specimen of beryl, of
which it is a constituent of about 14 per cent. It
is extremely rare and not sufficiently interesting to
require any further attention, excepting from those
who have much leisure for curious research. Such
persons are referred to M’Neven’s Brande,Gorham’s
Chemistry, Silliman’s Henry, &c.
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*Zircon. A rough harsh earth, which becomes
a yellow jelly in water ; whose specific gravity is
about four,

lilustration. Exhibit aspecimen. The same re-
marks apply to this as to the glycine.

*Yttria. 'The heaviest of all earths and nearly
approaching the metals in its characters.

Illustration. Exhibit a specimen. But few have
specimens, as it is extremely rare.

D .
Crass V. MeTats.

The proper metals are twenty-seven in number.
These are divided into four sections. Some in
each section ought to be exhibited to the class,

Section 1. Metals which absorb oxygen with
such force as to decompose water, when heated to
redness. .

Iron. Magnetic. malleable, very ductile. Its
specific gravity is 7.78—that is, it weighs 7 times,
7 tenths and 8 hundreths as much as the same bulk
of water. The most useful of all metals,

Manganese. Very hard and brittle, has a strong
affinity for oxygen, Specific gravity 6.85—used
chiefly for obtaining oxygen.

Tin. Easily melted, not oxydated or rusted at
the common temperature. Specific gravity 7.3—
Alloyed with lead it forms pewter, and is much
ulsed for covering sheets of iron forming the tin-
plate.

Zinc. Easgly volatilized, forming light cottony
flukes, easily burned, strongly attracts oxygen.—
Spec. grav.7.—Alloyed with copper it forms brass:
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Section 2. Metals which absorb oxygen, but
not with sufficient force to decompose water.

(May become acids capable of combining with
salifiable bases.)

Arsenic.  Very poisonous in the state of a white
oxyd, very brittle, volatilized with little heat. Spec.

av. 8.35. Used in medicine.

*Chrome. Very brittle.  Spec. grav. 5.9—
Formed into an acid and combined with lead it
produces a beautiful yellow.

* Moiuybdena. Very brittle, in the state of a na-
tive sulphuret it resembles plumbago. Spec. grav.
7:4. Oflittle or no use in the arts.

* Tungsten. Hard and brittle.  Spec. grav. 17,
5. Not used in the arts,

*Columbium. Very brittle. Spec. grav. 5.91.
Not used In the arts. Found in the sappare of
Litchfield, Con. .

(Not capable of becoming acids.)

Cofper. Elastic and sonorous. Spec. grav. 8.9.
Much used in the arts and for coin. Poisonous.

Antimony. Very britle.  Spec. grav. 6.7.—
Used in medicine as an emetic.

Bismuth. Brittle, soft, easily melted and vola-
tilized. Spec. grav. 9.8—Used for the most
“ delicate pigments, also in medicine.

*Cobait. Brittle. Spec. grav. 8. Used for
colouring glass smalt blue.

% Titanium. Briule, difficult to fuse. Spec. grav.
of the red oxyd is 4.2—Not used in the arts.

. *Tellurium. * Brittle, easily melted and volatili-
zed. Spec. grav. 6.1. Not used in the aris,

%Cerium. Hard and brittle, Spec, grav. not
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known as it has not been separated from its oxygen.
Not used in the arts.

*Uranium. Very soft, hard to be fused. Spec.
grav, 9. - Not ased in the arts.

Section 3. Metals which do not receive oxygen
excepting from strong acids. '

Gold. Heaviest of all metals excepting platina,
most ductile of all metals. Spec. grav, 19.3.—
Used in the arts and in coin. : :

Silver. Very ductile, tenacious and sonorous.
Spec. grav. 10.5. Used in the arts and for coin.

Platina. The hardest, heaviest, and most diffi-
eult to melt of all metals. Spec. grav. 21. Used
for reflectors in telescopes, for crucibles, &c. in the
laboratory.

" *Pglladium, *Osmium, * Rhodium, and *Iridi-
um. Alloys of platina, possessing some similar
properties. Not much known.

Section 4. Metals which absorb oxygen at lim-

ited teinperatures, and give it wholly off at higher
temperatures.

* Mercury. Fluid not only at the common tem.
perature, but at more than 70 degrees below the
freezing point.  Spec. grav. 13.5. Much used
in medicine and the arts. . .

Lead. Soft, ductile, easily melted. Spec. grav.
11.35. Used in medicine and the arts universal.
ly. Poisonaus.

#* Nickel. Hardly malleable, difficult to melt.—~

Spec. grav. 825, Not used in the artsc Always
found combined with iron in meteoric stones.

N

N, B. Those substances to which the asterigk
D .
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{*) is prefixed, are either too rare or too imperfect.
ly understood, to require any further notice, than a -
mere exhibition of the speeimens, in such a course
of instruction as that proposed in this work. Those,
who have leisure to pursue these subjects any far.
ther, are referred to McNeven’s g'rande, Silli-
man’s Henry, Gorham’s Chemistry, Accum’s
Chemistry, and Coxe’s Orfila. For a more full
discussion of these nice enquiries, the reader is re.
ferred to the last editions of the great works of -
‘Thompson and of Murray.
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" PROPERTIES OF MATTER,
"As Tne sunjEcT oF CueMicarL CHANGEs.
CLASS L PQWE_RS.

AFFINITY.

-~ Ttis usually divided, according to its application,
into simple and elective.

Simple affinity. That application of affinity,
whereby the constituent atoms of a body are umi-
ted, without causing any decomposition.

Illustration. Repeat the experiment with' oil,
water, and pearlash, as given under-simp e substan-
ces. Here is a mere union of these substances,
without the separation of any substance from its
union with another. :

‘Application. Make Volatile liniament by put.
ting equal parts by weight of sweet oil and liquid
ammonia together in a wine-glass, and stirring the
mixture.

Elective affinity. That application of affinity,
whereby the constituent atoms of @ new compound
are united ; while one or more substances are there-
by excluded from a previous state of union.

INustration. Put a wine-glass full of pulverized
chalk iato a pint retort, and pour into the retort
water enough to wet it throughout. Then pour in
halfa gill of diluted sulphuric acid,consisting of one
part acid to six parts of water. - Sulphate of lime
{plaster of paris) will be formed in theretort, by the
union of the sulphuric acid and the lime, which is
the basis ofthe chalk. The other constituent of
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chalk is carbonic acid, (fixed air) which will be
crowded cut of the union. This will come over
in the state of air or gas, and may be received over
water like other gases. a

Here the lime elects the sulphuric acid in prefer-
ence to the carbonic acid with which it was united,
while in the state of chalk ; this application of the
principle of affinity is therefore called elective affin.
ity. :
yApplication. Obtain carbonic acid, as before di-
rected, from chalk or from marble, and pass it into
a decanter of pure cold water, until half the water
is displaced by the gas. Shake the decanter vio-
lently, holding the thumb over its mouth, for about
one mindte. The water will absorb the gas and
become acidulous. Pass it around in wing glasses -
among the class, and they will recognize the taste

of the common soda waters which are sold in all
" our towns, though it will be comparatively very
weak. : - :

In this application, though the gas is disengaged
by elective affinity, it is united to the water by sim-
ple affinity,

- Affinity unites the constituent atoms of -bodi'es in
definite proportions. : .

Illustration. The experiments required for de-
monstrating this principle are too nice for an ordi-
nary course of instruction. It may be explained
by exhibiting the black scales from a blacksmith’s
anvil, and common red iroin rust. The black scales
‘are composed of 100 parts of iron by weight, com-
bined with 28.68 of oxygen. Iron rust is compos-
ed of 100 ports of iron combined with 43 of oxy.
gen.  As 28.68 is two thirds of 43, the black scales
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contain two thirds as much oxygen as the red rust.
These proportions are fixed and invariable, and
there is no method devised for uniting oxygen and
iron in any other proportions. :

The same law of definite proportions applies to
all metals, salts, acids, ‘&c. ; and modern chemists
generally admit, that the atomic theory is pretty
well established ; or rather, that it may be safely in-

“ferred from the doctrine of definite proportions. —

This theory supposes, that in all cases where the
law of definite proportions governs the combination
of atoms, these atoms are united in a numeric ratio,
For example, say that-an atom of oxygen weighs
1, an atom of iron 7.1'; then that the black scales
from the anvil consist of 1 atom of iron to 2 atoms
of oxygen, and the red iron rust consists of 1 atom
of iron to 3 atoms of oxygen. ‘

The instructor ouglit to illustrate this theory by
several additional examples. -See M’Neven’s Ex.
position of the Atomic Theory, M’Neven’s Bran-
de, Gorham’s Chemistry, &c.

Application. This principle is very impcertant
in the arts.  For although the acids, bases of salts,
&c. employed in the arts, are not sufficiently. pure
for accurate experiments, it may be soon learned by
practice in what proportibns they combine. ‘And
since these proportions are always definite, the man-
ufacturer knows how to proportion his mixtures
economically. . But if his mixtures are not accu-
rately made, still he cannot vary the substance to
be produced ; because nature has imposed limits
to his compounds, which he cannot control. For
example, just such proportions of iron and sulphu.
ric acid form copperas, and definite proporiions of
sulphuric acid, alumine and potash, form alum, &c.

D2
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Affinity changes many of the properties and serisi-
ble q.falitzzs of. glbstancgé,‘/‘;vhic% iib unites in definite
proportions. - ,

Illustration.  Put diluted muriatic acid into a
wine-glass, 1 of acid to 5 of water. Drop into it
dry carbonate of soda, a little at a time until effer-
vescence ceases. Now pass around this liquid in
wine-glasses. The class will recognize the taste of.
common table salt in solution, which affinity had
produced by uniting a severe acid with an alkali.

Application. Acids” in the stomach may be
changed to neutral salts by taking a mild alkali, as
carbonate of soda or of lime. If ley be swallowed by
accident, an oily substance will change it to soap,
and sweetened vinegar and water. will change it to
acetate of potash, which is less severe. )

Affinity unites some substances in all proportions,
and does not essentially change their properties or
sensible qualities.

Illustration. Pour alcohol, or common rum into
water ; the taste of the alcohol will still remain, be-
ing reduced only by the insipidity of the water.

Application.  Proof spirits, brandy, gin, &c. are
made by combining alcohgl with water, &c. with.
out changing its essential properties and sensible
qualities.

Caroric.

Caloric is either combined or free.

Combined caloric. That state of caloric, when it
does not excite the sensation.of heat, nor affeet the
thermometer ; on acount of its being in combination

o
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with some other substance. It has beén called la-
tent heat, and caloric of fluidity.

Illustration. Put a piece of tinder in the end of

‘the piston of the fire syringe, consisting of cotton

cloth dipped in a solution of saltpetre and well
dried. Force down the piston suddenly, and the
tinder will take fire. Caloric was combined with
the air in the syringe before it was compressed; in
which state it did not excite the sensation of heat
nor inflame the tinder. When it was compressed
by the piston, the particles of air were brought too
near each other to afford room for so much caloric.
Part of it being forced from its state of combina-
tion, became free and inflamed the tinder.

Application. There is so much caloric in com-
bination with air, water and other substances about
us, that if it were capable of producing the ordinary
effects of heat, the whole race of man would be
burned to a cinder in a day. *

Caloric, by entering intg combination with solids in
due proportion, may convert them into liguids, and by
encreasing the proportion, may convert ¥he liquids
tnto vapours or gases. . ,

Illustration. Lay a piece of ice on a hot stove or
fire shovel, it will soon receive caloric sufficient to
become water. Let it remain a little longer and it
will combine with caloric enough to become vapour
and pass off into the air.

* Some chemists consider heat as the effect of a vidratory motion in the particles of
This hypothesis is chiefly founded upon the fact, that a fame may be excited
and continued by friction, greatly disproportioned to the combustible sub
ed. But was this experiment ever fairly made in the exhausted receiver,of the air pump ?
Xfa stick is put in the state of rapid rotatory motion in a lathe, and another stick
. agains; it, a great flame will be produced, by the compression-of the air which is forged
betwoen the sticks by this rapid motion. '
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_Application. When a kettle of water is placed
over the fire, the particles of water next to the bot-
-tom first receive caloric enough to become vapour
or steam, and attempt to ascem% ; but the colder wa-
ter above robs them of a portion of caloric and for-
ces them to remain in the liquid state. When all
the water in the kettle has received very nearly the
quantity of caloric required for converting the whole
into vapor, the particles next to the bottom being
converted into steam succeed in ascending to the
top and passing off. A succession of such ascend-
ing particles of vapor keeps up the bubbling called
boiling. :
" Metals are fused upon the same principle. The
same cause also keeps the atmosphere in the state

of gas.

More caloric is required for converting Liquids in.
to vapor or gas, when the liguids are sufject to at-
mospheric pressure, than when that pressure, or
any part of it, is taken off. : ‘

Illustration. Fill a Florence flask one third full
of water, ", Fit a stop-cock to its mouth perfectly
tight by means of a good sound cork. Suspend
the flask with the cock open, over a candle, lamp,
or coals, until the water boils. Then turn the stop
that all air may be excluded which is driven out
by the steam, before the flask is taken down. As
soon as the water stops boiling, ‘set the flask on ice,
snow, or in cold water, and 1t will instantly boil.
Hold itover the coals and it will- not boil. ~ This
may be repeated a-dozen times with success. The
flask may be passed through fifty hands after it is
so'cool as not to be painful to the hand, and then
be returned and still boil when set on ice, snow, or
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in very cold water. ~This experiment demonstrates,
that water does not require 212 degrees of heat for
converting it into vapour. It has been made to
boil at 67 degrees ; that is 31 degrees below blood
heat.  Therefore it requires 145 degrees of heat to
resist the pressure of the atmosphere.
Application. A boiling pot which boils over
-with the lid on, will often cease to boil over wheu
the lid is removed. In this case there is not a va-
cuum between the lid and the water; but the air
beneath the lid being driven out by steam, leaves
room, without the usual pressure, for the steam
continually to follow it to the top of the pot, so as
to pass out under the edges of the lid. ~When the
1id 1s taken off, the pressure of the atmosphere keeps
down the water until an additional degree of calo-

. ric forces it up again. It cannot be suid that the
cold air which is let in by cooling the water pro-

_ duces this effect ; for it will not, if the heat is but
about 212, boil over again with the same fire, A
stronger heat is now required.

Caloric enlarges the volume and thereby diminish-
-es the specific gravity of a gas, by entering ‘into and
combining with it. ' ,

Illustration. Bring 'a hot ceal near an air ther-
“mometer, and the air in the hulb will expand so as
to force the liquid along the tube.

Application. A heated chimney or stove pipe,
by thus expanding the air in it, renders it of less
specific gravity than the surrounding air. The
heavier air presses into it of course ; and thus acur-
rent, carrying with it smoke, &c. is continued in
that direction. The same application of caloric,
on a vast scale, causes winds.
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Caloric passes from its combination with one bod
into another, which contains less in fro[:ortz'on z
" its capacity for caloric, until the two bodies are i
equilibrio.

Illustration. Put the warm hand upon the bul
of the air thermometer ; and the caloric will passif
from the hand into the bulb and expand the air in
the bulb, until it is as warm as the hand. An equi-
librium being thus completed between the hand
and the thermometer, the air will become stationa-
ry in it. Dip the hand into cold water and apply
it again ; and caloric will pass from the thermom-
eter into the hand, and theair in it contract until an
equilibrium is restored.

Application. Frozen eggs or apples are thus
gradually thawed in cold water. Water, not being
frozen, though very cold, contains more caloric
than they ; consequently caloric passes gradually
into them from the water until their temperature is
raised above freezing, When the hands or feet
are frozen, they should be gradually thawed in cold
water in the same way. ' :

Caloric expands solids as well as gases by en-
tering into and combining with them,

Illustration. Take the measure of the length
of a cold rod of iron, which is about a foot long
and cut off square at both ends. Heat it red hot
and apply it again to the same measure ; and it will
be found to be considerably longer. Cool it and
apply it again, and it will be found to fit the meas.
ure as at first. - :

Application. This principle causes the pendu-
lums of clocks and balance wheels of watghes, to
vary in length according to the varying tempera-
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neifture of the weather ; and consequently to run fast-
rzzior in cold and slower in hot weather.

Caloric expands liguids, as well as solids and
gases, by entering in and combining with them.

™" Tlustration. Fill the bulb of a bolthead with
* A cold alcohol ; and on holding it over coals or a can-
& ‘f dle, the alcohol will expand, and consequently as-
%4 cend into the neck of the bolthead. A glass tube
¥ luted into the neck of a Florence flask, filled with
%% alcohol, will be quite as good. .
i Application. ‘Thermometers.are constructed by
Lﬁ confining a liquid (quicksilver or alcohol is gener-
14 ally employed) in a tube with a bulb at the base,
_ | containing no air, Degrees are marked against the
1! side of the tube, by which the temperature is indi-
§" cated as the liquid ascends and descends in the tube.
* “Thatall thermometers may be made to accord with
!.’,’ cach other, the boiling and freezing of pure water,
"" are assumed as starting points. Then the space of
the tube between these points is cut into a number
li " of equal divisions, each of which is. the measure on -
| every de above and below, as well as between,
i those -points. Fahrenheit divides this space into
180 parts, Reaumur into 80, De Lisle into 150, the
Centigrade into 100. We use Fahrenheit, who
begins to count at 32 degrees below freezing, ma.
king the boiling point at 212. ~

Caloric is transferred through bodies called con-
ductors ; and substances differ greatly in their con-
ducting powers.

Illustration.  Procure a pretty long pipe-stem

and an iron rod of the same size and length. Make
a white wax or beeswax head on one end of each, a-
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bout the size of a musket ball. Put the other end
of each close together on hot coals, passing them
through holes in a sheet of tin, set up on one edge,
in order to defend the wax from the direct heat of
the coals. "Then raise the heat of the coals with
the hand bellows, and the head of wax on the iron
rod will melt soon ; whereas the wax on the pipe-
stem can scarcely be made to melt. Here the ca-
loric is transferred or conducted through both
rods ; but the iron being the best conductor of ca-
loric, the wax on it is soonest melted.

Application.  An iron stove soon gives off- ca.
leric into a room, and soon cools ; whereas a brick:
Russian stove must be heated a long time before it
begins to give off caloric into the room, and will
not cool in a very long time. Cloaths made of
wool and silk are slow conductors of caloric ;
those made of flax conduct caloric rapidly. As
stone is a better conductor of caloric than brick,
a stone house has its rooms sooner heated in sum-
mer and cooled in winter, than a brick house.

The same substance is a bctter-cond:)ctor of ca-
loric if dark colouredor rough, than if bright, pol.-
tshed or light coloured.

Tllustration. Place a small tin canister five or six
inches from the bulb of an ait thermometer with a
bright ‘polished side towards it. Fill it with boil
ing water and let it remain until the canister is tho.
roughly heated, Pour out the water and fill it
again. Now observe how far the liquid is driven
along the tube, and mark the farthest point to which
it can be driven. Pour out the water and fill it
again with water equally hot, having .turned a
scratched and blackened side of the canister to-

o ;_
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wards the thermometer. The liquid will be driven
considerably farther along the tube of the thermom.
eter than before.

Application. A white earthen teapot will keep
the tea hot longer than a black one. A bright tin
coffee pot will keep the coffee hot longer than a ja.
panned one. - Light coloured clothes will keep us
cooler in hot weather and warmer in cold weather
than dark coloured. For our bodies being warmer
than the air in cold weather, caloric passes out
through our clothes ; but the hot wys.of the sun in
summer pass through our clothes inwardly,

When solids are converted into liquids [caloric is
absorbed from the adjoining bodies.

Illustration. Put a few drops of water into a
thin viol, and surround it witha mixture of one part
of dry fine salt and two parts of dry snow or poun.
ded ice; the water in the viol will be immediately
frozen while the ice and salt will become liquid.
But if ice or snow cannot be obtained, drop eight
parts of powdered glauber’s salts into five parts of
muriatic acid—or five parts of powdered glaubers
salts into four parts of diluted sulphuric acid. The
sulphuric acid must be diluted with about five times
its bulk of water, and become quite cool, or even
cold before it is used. Whichever of these is used,
it should be well cooled, and the viol containing
the water well cooled ; and the viol must be put in
as soon as the substances are mixed. More ca-
loric being required for holding these substances
+in the liquid state, it is taken from the nearest sub-
stance containing caloric. Consequently the wa-
ter in the viol is robbed of so much caloric thatit

becomes ice,
' E
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Application. When snow has commenced thaw-
ing by the heat of the sun through the day, it will
continue to melt in the evening. During the time
it melts in the evening it takes so much caloric
from the atmosphere, as often to render it colder
than on a preceding evening while water was free-
zing into ice.

While liguids are converted into vafour or gas,
caloric is absorbed from the adjoining bodies.

Illustration. Wet a piece of thin cotton cloth in
ether and lay it on the bulb of the air thermometer,
and apply a few drops of ether to the cloth fre-
quently, and the air in the bulb will be condensed.
"The ether should be quite as warm as the thermom-
eter when- applied, to make the experiment a fair
one. It will then be manifest that the thermome.
ter is not cooled by the liquid ether ; but that more
caloric being required to convert it into vapour,
and the thermometer being nearest, it is robbed of
part of its caloric.

Application. Inflamed tumors are cooled on this
principle by frequently wetting with ether. Rooms
are cooled in hot summer days by sprinkling with
water ; bccause the water soon passes into vapor
and absorbs some of the caloric from the air of
the room, |

When liquids become solids, combined caloric i;r
wvolved or pressed out and becomes free. :

Illustration. Pour a little water on unslacked
lime, While the lime appears wet, that is, while
the water remains on the surface of the lime, it is
cook But as soon as the water combines chemic-
ally with the lime, so that the compound of lime



CAvLoRrrc. , 51

and water are converted into a dry powder, the
caloric which held the water in a liquid state is
pressed out and becomes free, exciting the sensa-
tion of heat.

Application. When the freezing process com-
mences, and water begins to be converted into ice,
or v: pour into snow, so much galoric is frequent-
ly evolved as very sensibly to diminish the severity
of the cold. .

When vapor or gases become liZtuidr, solids, or
more dense vapors or gases, combined caloric of
the vapor or gas is evolved or pressed out and be-.
comes free.

INustration. Collect a viol of muriatic acid gas
over mercury, in the manner hereafter to be descri-
bed. Slip a piece of dry pasteboard across the
mouth of the viol, turn it up and set it on the table.
Pour ina small quantity of cold water, about equal in
bulk to one twentieth of the gas, and the gas will
combine with the water and become liquid. At
the same time the viol and liquid will becéme sen.
sibly warmed. ‘

Application. Combustion is explained- upon
the same principle. For example, successive por-
tions of oxygen coming in contact with heated por-
. tions of oil in a lamp or melted tallow of a candle,
which are carried up the wick by capillary attrac-
tion ; the oxygen and oil uniting and forming a
more dense gas, a quantity of caloric is pressed
out of the oxygen. A comtinued succession of
such cembinations pressing out a continued suc-
cession of portions of caloric, from the combined
to the free state, produces a continued blaze. All
combustibles have an affinity for oxygen, and after
combustion are found to be combined with ox-

_ygen.
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Rooms may be warmed by steam upon this prin.
ciple. Steam holds a great quantity of caloric in
gombination, and it is readily condensed by a very
little cold water, or by the lower temperature of the
metallic tubes in which it is confined. On being
condensed, as it passes from the state of vapor to
the liquid state, caloric is pressed out frond its
combined state to a free state, and thus warms the
rooms. '

Free caloric.  That state of caloric, when it
may excite the sensation of heat and affect the ther-
mometer ; being in the state of motion from one

- body, with which it had been combined, towards an-
“other.

Illustration. Set a wine glass, half filled with

cold water within about half an inch ‘of the bulb of
an air thermometer. Set another wine glass equal-
ly near, half filled with cold sulphuric acid. Let
them stand a few minutes, until the thermometer
appeats hot to be affected by them. Now empty
the glass of sulphuric acid into the water, and tha
air in the thermometer will be considerably expan-
ded. In this experiment the caloric ~remains
combined with both liquids, while they are sepa-
rate ; and the thermometer is not affected. But
when they are mixed, the affinity between sulphu-
ric acid and water unites them so closely as to di-
minish their bulk and to foree part of their calo-
ric from the combined to the free state. It then
passes off towards other bodies, and in its way pas.
ses into and expands the air of the thermometer.

If the hand be applied to the wine glasse$ before
and after the mixture of the liquids, it will appear,
‘that while combined with the liquids the caloric does
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not excite the sensation of heat ; but that when pres.
sed out into a free state by the mixture, it does pro-
duce that sensation. '

Application. When we sit by a fire we are warm-
ed by the caloric, which is brought out from its
combined state with the oxygen of the atmosphere,
into afree state, through the agency of the combus-
tible fuel, as before explained in relation to the
combustion of a candle or lamp. Here is no addi-
tion of caloric ; for the air of the room held all,
which now warms us, in combination, before we’
experienced that sensation,

Free caloric is radiated in all directions from the
body from which it is disengaged.

Illustration.  Suspend a heated iron ball by a
wire, and suspend several small bladders near it on
different sides, almost filled with air. They will
all be expanded by the free caloric disengaged from
the ball. : '

Application. A stove set in or near the centre
of a room will afford as much warmth on each of
all its sides, as it would on the one exposed side,
if set in a side fire place. :

Caloric is reflected by hard polished surfaces, like
light. ‘

Illustration. Arrange a pair of coneave tin reflec-
tors so that the concave sides may be parallel to
each other, at the distance of about six feet apart.
Suspend a heated iron ball in the focus of one, and

-place the bulb of the air thermometer in the tocus of
the other. Place a fender-plate of tin near the side
of the ball towards the thermometer, whose breadth
rather exceeds the diam;;cr of the ball, in arder to

2 .



54 Cavorrc.

defend the thermometer from the direct action of
the caloric.  The caloric will be-reflected by the
reflector near the ball to the other reflector, and by
that converged to a focus on the bulb of the ther-
mometer, and will expand the air in the bulb.

The best method for finding the true place for the
hot ball and the thermometer is, to. darken the
room and place a candle in the focus of one and a
piece of paper in the focus of the other. These
may be varied, until the focal point of the light is
accurately found. In that point fix the bulb of the
thermometer, and where the candle blaze is placed
fix the ball. The side of the bulb of the thermom-
eter, which is to receive the caloric, ought to be
smoked with candle, or otherwise blackened.

Application. Polished walls of a room, called.
hard-finish, will reflect the caloric radiated from a
stove, and thereby cause the air of a room to be
warmed much more than papered walls. A room
lined with sheet tin might be kept warm with very
little fire, on this principle. *

ErecTrICITY.}

Remark. Those illustrations, to which the aster-
isk (*) is prefixed, may be omitted in the course of
instruction proposed in this work.

Electrical excitement is the power of attraction
and repulsion produced by friction,

*1 have treated caloric as a material flwid ; which I suppose I may now ure to
do, since Professor Hare has bad the impudence to d the absurdity of Davy’s
vibratory theory. See Amer. Jour. Science, Vol. 4. p. 142. '

t Electricity was not considered as belonging to the department of Chemistry by
Lavoisier, Henry, Accum and others, who wrote their systems as early as the year 181q,
and previous. As some important decompositions are now effected by the power of
electricity, a few of its principl®s ought to be illustrated.
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Illustration. Lay a half sheet of paper upon a
warm smooth board or table. Rub the paper smart-
ly with a large thick piece of India-rubber, as if
rubbing out pencil marks, two or three dozen
strokes, Now lift up one end of the paper and
let it fall back on the board ; andit will go down with
force, being moved by electrical attraction. Hold
Jight down suspended by fine threads near the pa-
per and it will be attracted and repelled alternately.

Application. In cold dry weather, when the at-

- mnosphere is always highly charged with the electric
fluid, our cloathes often exhibit analagous appear-
ances when we put them off or on in a cold room {
which are to be explained on the same principle.

Electricity is either positive or negative ;% and
bodies repel each other when similarly electrified and
attract each other when contrarily electrified.

. Tlustration Suspend light down by a fine thread
or a light pith ball, and on bringing near it an exci-
ted glass rod it will be attracted. Let it remain in
contact with the rod, and in a short time it will be-
come charged with similar or positive electricity
and fly off. Now bring an excited bar of sealing
wax near it and it will be attracted by the contrary
or negative electricit§ of the wax. -
Remark. The best method of exciting the glass
rod or bar of wax is, to rub them with a dry clean
warm flannel cloth, which had been rubbed with an
amalgam made as follows: Melt one part of tin
with two parts of zine and stir them well together,
Have six parts of mercury made hotin another cru-
cible at the same time. Pour both together into a
warm iron mortar and rub them with a pestle until

* Vitreous and resinous are terms substitoted for posisive and negative by some.
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they become a fine powder. Then put in a little
clean hog’s lard, and rub the mixture until it be-
comes a paste. Common unguentum is said to
have been used as a tolerable substitute, but I never
used it.

Application. A chime of bells may be kept
ringing by the application of this principle. Leta
row of small bells be suspended by wires and silk
threads alternately, from a large horizontal wire. Let
metallic balls be suspended from the same wire by
silk threads and wires alternately, so as to alternate
with the bells ; altogether being one with wire to
two with silk thread. Now bring the excited glass
rod to the large wire, and it will set all the bells to
ringing. For the bells suspended by wires will be-
come positively electrified, and attract the balls
which are negative. As soon as a ball is charged
positively, it will be repelled by that bell and attract-
ed by the next, which is negative, being suspended
by silk thread. The ball and last bell will imme-
diately be similarly charged and repel each other,
when the whole goes around again as before; and
thus a perpetual ringing is continued. But a regu-
larly constructed machine is required for exciting
this power sufficiently for ringing a considerable
chime.

When the friction is sufficiently strong, sparks
like fire, and even a continued stream of flame ma
be made to pass from the excited body to some su&y-
stances. :

*Illustration. Let there be a communication
from the rubber of a common electric machine to
the ground. Turn the glass cylinder to produce
a suRable degree of friction. The electric fluid
will be received on the metallic points or forks
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the other-side of the cylinder and conducted to the
metallic coats of cylinders, balls, jars or plates.—
Bring the knuckles near any of these coats, and a
spark will enter the knuckles with a snapping sound,
and some suddenly excited pain, called the electric
spark. If it be still more strongly excited, and a
metallic substance be brought near to some of the
aforesaid coats, a zigzag stream of flame may be
passed to it. '

Application. This experiment illustrates the
phenomena of lightning passing from the clouds in
streams or chains.as it is called. ‘

Some bodies, called conductors, will transmit the
electric fluid along their whole cxtent and deliver it
to the next adjoining substances ; others, called non-
conductors, arrest the progress of that flurd.

*Jllustration, Excite the electric fluid with the
common electric machine, and collect it in the Ley-
den jar, cylinders, &c. covered with tin foil. Now
bring near, as before, the end of a glass cylinder,
and no fluid will pass off. Also apply various oth-
er non-conductors, as a silk handkerchief, &c. Al-
so some bad conductors, as dry wood, &c. when a
very feeble spark can hardly be obtained ; butif the
wood be wet it becomes a conductor. Next bring
near a metallic rod or other good conductar, and
the fluid will be discharged upon the rod with large
brilliant sparks or in a stream.

- Application. We are always safe in the most
violent thunder storm, if we sit upon a glass stool,
Glass windows, if shut, will prevent lightning from
entering the window. If we sit upon a dry rail
fence we are pretty safe from lightning; but as
soon as the fence is wet, it is no defence. Me-
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tallic lightning rods, being good conductors of elec~
tricity, will attract all the lightning which- comes
within several rods, in sufficient Guantities to en-
danger the building, provided the lower end of the
rod be set pretty deep into the moist earth.

Electricity may be excited by bringing two mois-

tened pieces of metal together which differ conside-
rably in their oxidability ; the most oxidizable be-
coming- positively electrified, the least oxidizable,
negatively. Electricity thus excited is called GaL-
VANISM.

Illustration. Apply a polished silver quarter
moistened with saliva, under the tongue, and a po-
lished copper cent, moistened as before, on the
tongue. Whenever their edges are pressed to-
gether, they excite a peculiar sensation.

Application. The muscles of animals, particular-
ly of a frog, may be strongly excited, even imme-
diately after death, by attaching a silver probe to 3
nerve, and bringing a piece of zinc in contact with
the muscle. One piece of metal alone has been
made to produce considerable effect on the nerves
upon this principle. It is said that old ale-drinkers
have long observed, that a pleasant sensation is ex-
cited by bringing a pewter cup of ale to the lip,
which is not produced by a glass of ale ; which ef-
fect has been lately explained on the principles of
galvanisin.

Pairs of metallic plates, made of different metals,
arranged so as to alternate with portions of diluted
acid, excite the electric fluid so as to produce sparks
like fire, and even a continued stream of flame.

*Jllustration. Make a wooden trough, and cut it
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“into half inch portions by partitions, each made of
a plate of zinc and copper soldered together at the
edges. Fill these divided portions with muriatic
acid diluted with fifteen times ‘its bulk of water.
Now apply a wire to the zinc plate of one end
of the trough, and anether to the copper plate of the
. other end. Bring the other ends of the wires near
cach other, and sparks will pass from one to the
other. Or a better method, called Hare’s Deflagra-
tor, consists of coiled sheets of zinc and copper,
so arranged as to alternate with each other. The
whole coil is let down gradually into a vessel con-
taining the diluted acid. The wires being applied
as before, a stream of blaze appears, which readily
burns every known metal, &c. .

Application. By this mode of applying electri-
city, the greatest heat, known to man, has been pro-
duced. :

Licur.

The different coloured rays of light are reflected
according to the arrangement of the constituent
atoms of bodies reflecting them; not according to
the nature of those atoms.

Illustration. The seven elementary colours may
be produced, that is, the seven kinds of rays may
be reflected, by variously mixing the following sub.
stances. It will then be perceived, that as all the
rays may be reflected by these substances, which
are either limpid or slightly coloured, the same con-
stituent atomns do not always reflect the same rays.
It will of course be inferred, that colour is not in-
herent in matter, but depends on the arrangement
of the constituent atoms of bodies, governed by
chemical affinity.
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Prepare the following solutions as here directed :
1. Sugar of lead dissolved, 1 to 50 of water by
weight—2. Pearlash, 1 to 4 of water—3. Corrosive
sublimate, 1 to 30 of water—4. Copperas, 1 to 6
of water—5. Sulphuric acid, 1 to 12 of water—6.
Verdegris, 1 to 100 of water—7. Strong liquid am-
monia—8. Tincture of red cabbage—9. Tincture
of galls—10. Prussiate of potash—11. Nitrate of
mercury, made of 1 mercury to 4 of nitric a€id, to
which is added twice as much water. :
By mixing these liquids we make,
Red—One of 5 with one of 8.
Orange—Four of 3 with one of 2.
Limpid with one of 5.
Yellow—Four of 11 with one of &.
Green—Three of 8 with one of 2.
Ruby red with one of 5.
Blue—Three of 6 with one of 7.
- Limpid with one of 5.
Indigo—One of 4 with one of 10.
Violet—Add the red to the indigo.
‘White—Mix three of 1 with one of 2.
Black—Three of 9 with one of 4. -
' Limpid with one of 5.

Application. As colours are changed by the va-
rious application of the laws of chemical affinity, dy-
ers, limners, &c. ought to be well acquainted with
these laws. Mordants sometimes only fix a col-
our by theiraffinity for the stuff and for the colouring
matter. In other cases they effect a total decompo-
sition of the colouring matter, and thereby pro-
duce new colours.

Light decomposes many substances by its direct
action upon thewr elementary constituents,

‘.
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Hlustration. Put oxymuriatic acid gas (¢hlo-
rine gas) into a vial, cork it. tight and set itin a
window exposed to the rays of the sun. The next
day examine it, and it will be found to consist of
muriatic acid and oxygen. The light having sep-
arated the oxygen from the muriatic acid. ‘

Application. Prussic acid and many other sub.
stances, which are- decomposed by the action of
light, should be kept in dark cellurs, &c. Pictures
may be made by wetting paper in muriate of silver
or in nitrate of silver, and placing the paper behind
glass having a picture onit. The silver will be
more or less precipitated in the state of a dark exyd,
of different shades, according to the shades of the
picture which intercepted the light.

Light has a powerful action upon vegetables and
animals. , ,

Illustration.  Fill a bell-glass or large tumbler
loosely with mint, hyssop, savory or some other
leaves and herbage, collected in the morning before
sun-rise. Fill the same up with water, and invert
it in a plate filled with water. This operation is
best performed in a cistern or tub of water.  Set it
in a window, exposed to the rays of the sun. bub-
bles will soon appear on all parts of the leaves,
which, on shaking the whole a little, will rise to the
upper purt of the vessel. Towards evening im-
‘merse it in a tub of water or cistern, and draw out
the lcaves through water. Now experiment upon
this gas, as in other cases, and it wiil be found to
be pure oxygen. Perhaps the best method wili be
to fill a small wide mouthed vial with it, and test it
by dipping an extinguished candle into it; which
will be lighted by the heat of the sparks on the
wick, :

F
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Application. The green colour of vegetables is
produced by the action of light. For potatoe vines
growing in a dark ccllar, and other vcgetables €x.
cluded from light, are not green. A prisoner long
confined in a dun‘lfeon looses his usual colour and
becomes of a peculiar white, unlike those equally
confined where light is admitted.

Light is radiated from many substances, which
scem not to belong to the clags of luminous bodies ;
which light is denominated phosphorescence.

Illustration. Rub two pieces of white quartz
slightly together_in the dark, and they will become

fuminaus.

Application. Some bodies absarb and give off
light, as rotten wood, putrid fish, seme artificial pre-
parations, &c. Snow absorbs light by day, which it
gives off at night; which may be demonstrated by
opening a window in a dark night and the room will
be actually illuminated considerably.

Those who wish to make the artificial phospho-
ri, called the Bolognian, Canton’s and Baldwin’s, are .
referred to M’Neven’s Brande, p. 63. The laws of
ogtics belong to the department of Natural Philoso-
P L] . . .
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CLASS II. ACIDIFYING SUBSTANCES.
OXYGEN.

Oxygen is found in great abundance in combing-
tion with metals, from which it may be disengaged
by caloric in the state of gas. _

Illustration. Pulverize the black oxyd of man-
nese in an iron mortar. Fill a gun-barrel one
third full with it. Put the end ¢ontaining the man-
anese into a fire. A forge is best ; but if the
oor of a common close stove be taken off and set
bottom up, so that the gun-barrel may lie in the
notch or hole in the bottom of the door, with the -
lower end in the fire, and the mouth elevated, it
will heat to good advantage. A leaden tiilbe must
be fitted to the mouth of the gun-barrel, which leads ~
to the cistern, passing the other end under the fun-
nel in the moveable shelf. Over this the bell-glass’
or other receiver must stand, filled with water.
The leaden tube must be of a size to fill the mouth
of the gun-barrel.- No luting will be necessary.
Merely wind a little wet flax or tow around the pipe

~and wring it in forcibly. Then suck at the other

end of the leaden tube, so as to.exhaust considefa-
ble of the air, and placing the tongue over the end,
waita moment to see whether the tongue will be '
released. If not, all is tight. Be sure to have
some part of the tube considerably hi:her than the
water of the cistern, by bending it arching upwards.
Otherwise water may get into the gun-barrel and
cause an explosion. »

The apparatus being thus prepared, raise the

~
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heat with charcoal or good dry hard wood, and keep
the gun-barrel at a moderate red heat. At first col-
lect the gas that comes over in a small open mouth
vial ; the opodeldoc vials willdo. Frequently test it
‘by dipping the hot wick of an extinguished candle
into it.  'When the candle is lighted in it by the
sparks and heat of the wick, begin to save it for use;
From one to two gallons of the gas may be collec.-
ted from one third of a common gun-barrel full of
the Bennington manganese.  But there is great dif-
ference in manganese. Some contains a great quan.
tity of carbonate of iron, and carbonic acid will
come over some time before the oxygen appears.

- Red lead, being oxygen and lead, 1s quite as good
as the manganese ; but itis very difficultto clear out
the gun-barrcl after the process is ended. Where-
as manganese is easily emptied out. ' ‘

Aplplication. This proves, that a part of a solid
metallic oxyd is made up of a substance, which
when frced fromthe metal and combined with a due
portion of caloric, will become air or a gas. There-
fore what would be toe hard to be cut with a knife
with one proportion of caleric, may be suitable for
breathing with another. .

Some acids hold their highest proportion of oxy-

i'en by so feeble a tenure, that, combined with a

ase in the state of a salt, they will give it off in a
state of gas, when but slightly heated. :

Iilustration. -Saltpetre consists of nitric acid and
potash.¥  If it is coarsely pulverized and put into
a gun-barrel and conducted according to the direc~
tions for manganese, excepting that the barrel must
hardly be heated to redness, the saltpetre will melt

*The reader must look farther on for an explanation of this salt, &c»
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and boil, and soon after oxygen gas will come over.
The nitric acid is reduced to nitrous acid, by part-
ing with its highest portion of oxygen; and the
-saltpetre, called nitrate of potash, is reduced to ni-
trite of potash.. Oxygen obtained in this way wiil
do very well for ordinary experiments ; but it is not
50 pure as that which is obtained from manganése or
red lead.

Application. The facility with which oxygen is
obtamed from saltpetre, is the property on which
its use in the manufacture of gun-powder depends.
There is another substance, called oxymuriate of
potash, from which lpure oxygen may be obtained
on the same principle with much less heat. Butit
is very expensive,

Oxygen is the only supporter of combustion in the
atmosphere. -

lustration. Having obtained some nitrogen gas
(which is the other constituent of the atmosphere)
by the process hereafter to be described, fill a small
glass cylinder, or wide mouth vial with it, dip a
burning ¢andle into it, and the candle will be extin-
guished. Now fill the same vessel about three
-fourths full of nitrogen, and fill up the remainder
with oxygen. Let the two gases stand a few min.
utes to mix according to those equilibrium laws
which govern their union. Let down into it a short
picce of a burning candle by a wire, and it will burn
as in common atmospheric air, As the candle
would not burn in nitrogen and now does burn af-
ter the introduction of oxygen, it is manifest that it
is the oxygen which supports the combustion,
Application. When much of the-oxygen has
been consumed by the breathing of a crowded assem-

F2
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bly in a close room, candles do not burn in the room:
with the same brilliancy.

Oxygen. promotes combustion vehemently when

pure. :

Illustration. Fill a glass cylinder with oxygen,
and let down a short picce of a burning candle inte
it by a wire, and it will burn vehemently.

Application. The necessity for having oxygen
diluted with nitrogen is manifest ; for if the atmos~
phere were pure oxygen, all combustible substan-
ces, when once inflamed, would burn without con.
troul, to the destruction of all the living beings in.
habiting the earth.

Some metals will burn vehemently, after being-
inflamed, in pure oxygen.

Illestration. Coil up a piece of fine wire, some-
times called harpsicord wire, which is gbout the
size of sewing thread. It will take the most suita-
ble form by winding it spirally and closely around
apipestem. Let the coil be three or four inches
long, with a short piece strait and fitted into a cork,
which suits the mouth of a half pint vial. Fill the
viol nearly with oxygen, leaving only water enough
in it to cover the bottom an inch thick, to defend:
it from being broken with the globules of hot oxyd
of iron, which will fall upon it.  Set the vial on
the table, stopped with another cork. Now tie a
small knot of silk thread on the lower end of the
coil, hold a piece of brimstone in the candle till it
melts a small spot, blow out the blaze of brimstone
and dip in the kuot of thread. Be sure that the
thread and rhelted brimstone that adheres to it, all

do not exceed in size a large pin-head, All being
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ready, pull out the cork from the vial, hold the
thumb ove: the mouth while an assistant steadies the
viol. Now light the brimstone match and put the
coil of wire quickly into the vial, fitting in the cork
to which it is attached.  Lift up the vial by the
neck, that all the class may see the wire burn ;
which will send of brilliant sparks and make a-
beautiful exhibition. , .

Application. From this experiment it appears,
that if the oxygen of the atmosphere were not dilu-
ted or reduced in power by nitrogen, even iron
would not resist combustion. Our iron stoves
would burn with the fuel put into them ; the smith’s
hammers and anvil would blaze like tinder.

Oxygen is the acidifying or souring principle.

Illustration. Fill a vial quite full of oxygen,
eork it up and set it on the table. Coil the end of
a piece of small brass wire around a piece of phés.
phorus, the size of a pea.  Suspend it from the
end of a large piece of wire or iron rod, forming a
convenient handle to move it with, All being rea-
dy, pull the cork out of the vial and hold the thumb
upon it ; let an assistant steady the vial and hold
a candle with the blaze very near the mouth ofit.
Now take off the thumb, touch the phosphorus to
the candle, and in the same instant let it down inte
the vial of oxygen. It will burn most brilliantly
and probubly break the vial. A white flocculent
substance will line the vial.  Whcther the vial
breaks or not, rinse off this white substance in a
tumbler with about half agill of pure water. Now
pass this liquid about in wine glusses, and the class
will perceive that the oxygen has given acidity to
the phosphorus ; that is, it has eombined chemical.
ly with phosphorus and formed phosphoric acid.
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Oxygen is heavier than atmospheric air.

Illustration.  Fill a glass cylinder with oxygen
gas. Set the mouth of the cylinder upwards, and
cover it loosely with a dry piece of paste-board, to

prevent its being driven out -by the currents of air

in theroom. Let it stand several minutes; then
dip an extinguished candle into it, and it will be
lighted. The paste-board being laid on so loosely
that the gas could escape, it would escape if lighter
than the atmosphere. And if just as heavy, it
would mix with it and become too much diluted
near the top to light a candle.

Application. As oxygen is one of the constitu-
ents of the atmosphere, even in the highest regions
which have been explored by aeronauts, and as. it is
heavier than the other constituent, it follows of
course, that oxygen and nitrogen are united by some
kind of attraction ; otherwise the oxygen would all
settle down near the surface of the earth, and the
nitrogen would float above it.

Remarks. Oxygen being the most important
substance in pneumatic chemistry, it must be kept
on hand by the instructor throughout the course. It
may be most conveniently kept in bladders. As its
properties will be fully developed, when it occurs
in aid of experiments on other substances, the class

ought not to be detained with any more experiments

upon oxygen exclusively.
NoMENCLATURE.

Oxygen enters into combination with acidifiable
substances, in several definite proportions, which
requires a peculiar nomenclature. When combi-
ned in the lower proportions, they are called oxids
or oxides, in the higher proportions they are called
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aeids. 'The proportions of oxygen in the oxyds
arc expressed by theGreek numerals.  As protox-
id; desgigoeid, ‘tritoxid, and peroxid. For example,
the metal called manganese is said to combine
with four definite proportions of oxygen, forming
theprotoxid of manganese, the deutoxid of maganese,
the tritoxid of manganese, and the peroxid of man-
ganese. Some metals do not unite with oxygen in
more than one proportion, some with two, some
with three, none more than four.

The proportions of oxygen in acids is expressed
by the terminations ous and ic.  As sulphurous and
sulphuric acid. 'When acids contain more than two
proportions of oxygen, the term Aypo is prefixed
to the name next below which it stands.  As Aypo-
sulphuric acid, implies an acid composed of sul-
pbur and the next proportion of oxygen below
that contained in sulphuricacid. Hypo-sulphurous
acid would express the acid which contained a de-
finite proportion of oxygen, next below that con.
tained in sulphurous acid.

"Some oxids, which are in the state of gas, are ex-
pressed by substituting the adjectives in ous and ie
for the greek numerals.  Thus we say nitrous ox-
id and nttric oxid. '

Those who consider chlorine, &c. simple sub-
staces, have adopted chloride, iodide, &c. of course,
chloride of potash, chlorate of potash, &c. Since
so few usclul experiments or practical principles re-
quire the use of these last terms, it is hardly advise-
able to perplex the study with them, in such a
course as that proposed in this work. They are
all explained at length in M’Neven’s Brande, and
Gorham’s Chemistry.
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€rrorINe. (Oxymuriatic acid.*)

Chlorine ts obtained in the state of gas from com-
mon table salt by the aid of the oxcyd of a metal—
Sulphuric acid being used also for the purpose of
disfosing of the soda, which forms the basis of the

A .

sa

Illustration. Put inte a retoft a pulverized mix~
ture, well rubbed together, eonsisting of a wine-
glass of manganese with twice as much table salt.
Then pour into the retort about the same measure
of diluted sulphuric acid, cousisting of about a gill
of sulphuric acid with half as much water. Appl
the heat of a candle to the retort, and the chlorine

as will come over. It ought "not to be collected
1 the cistern ; for the cistern water will give offa dis-
agreeable odour for many days afterwards. Invert
the receiver in a large wash.bowl, and let the water
be warm to prevent the absorption of the gas. ‘

Remark. This process is explained on two very
different hypotheses. Lavoisier, Berzelius, Mur-
ray, Ure and others, say, that the muriatic acid, being
disengaged from the soda, and oxygen from the
manganese, the muriatic acid unites with a definite
proportion of oxygen and forms the oxymuriatic
acid, or that this gas consists of muriatic acid
with an additional portion of oxygen. Gay Lus.
sac, Davy and others say, that the oxygen disen.-
gaged from the manganese unites with a portion of
hydrogen, and forms water; which hydrogen, they
say, combined with chlorine forms the muriatic acid.
The chlorine being thus divested of the hydrogen,

——
* I shall treat this substance in such a method, that the student may adopt the theory

which best pleases bis fancy; for it seems to bea matter of fancy at this day. Ido not .

belicve chlorine is asimple substance ; but 1 &hall so treat the subject, that my opinion will
Be a matter of indifference to the student..
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‘which held it in the state of muriatic acid, comes
‘over a pure, simple, yellowish-green, suffocating gas.

Application. On this principle, and by a more
economical use of the same substances, the same
.gas is obtained and combined with water, to form
the bleaching liquor. But the gas is often disen-
gaged in large quantities from the water, when its
temperature is a little raised ; which is very suffo-
«cating and injurious to the health of workmen. To
remedy this inconvenience, the chlorine is united to
lime, forming an oxymuriate or chlorate of lime.

:Chlorine gas feebly mpﬁorts combustion, and in-
James some substances sp:.mtaneously.

Illustration. Fill a glass cylinder with the gas.
Immerse a short piece of a burning candle in it, held
upright by a wire. It will burn a short time with
a deep coloured flame and much dense smoke.

Fill the cylinder again and immerse in it in a small
iece of phosphorus, suspended in a coil of wire.
t will take fire and burn spontaneously.

Fill thg cylinder again and immersein it ina bent
silver spoon, or rather in a small silver mustard
spoon, fine filings of copper and of iron. They will
soon take fire spontaneously and fly about in bright
glimmering flakes. .

Remark. Those who consider chlorine as muri-
atic acid with an additional portion of oxygen, say,
the candle burns with the additional portion of ox-

n, which the muriatic acid readily parts with.
And that the action of the acid, combined with the
excess of oxygen, causes the spontaneous combus-
tion. Those who consider "chlorine as a simple
substance, say, these cases of combustion are evi-

-dence that it 1s entitled to a place in this class with
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oxygen; but that it supports combustion of itself
independently of oxygen.

Application. The facility with which chlorine
inflames combustible substances, renders salts made
with it very suitable for fire-works. Oxymuriate’
of potash readily inflames many combustible sub..
stances by mere compression in contact with them,

Chlorine extinguishes vegetuble colours, ¥f the
substunces to be operated upon are moistened, or ift
the chlorine is in a liguid state.

Illustration.  Obtain chlorine in the liquid state,
as follows : Fill a strong quart decuanter one third
full of water.” Put into it a pulverized mixture,
consisting of half a gill by measure of red lead and
a gill of common table salt, well rubbed togcther.
After shaking it up, put into the decanter two thirds
of a wine glass of sulphuric acid,~ Put ina ground
glass stopper looself, and shake the decanter half a
minute. The atmespheric air and some gas will
escape. Now press in the glass stopper perfecily
tigi't and plunge the decanter into.a tub gr cistern
of cold water, just keeping the mouth above water.
~ Agitate it, as tnuch as may be done under water,
about once each minute, for fiftcen minutes. Now
take it out and let the excess of red lead and salt
settle. The sulphuric acid must never be in excess.
The liquid will now become yellowish-green, and
will be tolerable pure ; though it will contain a lit-
tle muriatic acid. Pour a little into a wine-glass,
and with it wash out writing from paper, and ex-
tinguish the colours from calico. '

_Application. The liquid chlorine obtained in
this way may be kept in vials in a dark cool place,
and used for taking spots out of linen &c. It has
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Yeen-employed for fraudulent purposes, to oblite.
Fate written instruments so as to write something
different in the same place. This muy be reudil
detected by ‘prussiare of potash. For wherever 1t
has been applied, the place will become n on
the application of a solution of prussiate olg]‘;eo(;ash.

\ - Chlorine becomes muriatic acid by being deprived
wf a portion of oxygen, ar else by combining with a
portion of hydrogen ; in this state it is founa, con-
stituting an essential part of common table salt,
Jrom whick it may be obtainedin the state of gas by
-clective -affinity.

Tllustration. . Fill two or three vials or smalk
wylinders with mercury and inverg them in the
trough. Lute very firmly a pipe bowl to the mouth .
- of a tubulated half pint retort, with half an inch of
‘the stem remaining, which must point upwards.—
Having previously dricd some fine salt on an earthe
-en plate, put into the retort, through the tubulature,
a wine glass full of the salt. Place the retort in a
fixed steady position, with the beak in the trough,
S0 a8 to immerse the pipe bowl and stem under the
mercury ;, but do not place any of the receivers in
a situation to collect the gas yet.  All being ready,
now pour gradually into the retort, through the tu-
‘bulature, as much strong sulphuric acid as will be
sufficient to moisten, or rather wet, the salt. Con-
siderable gas will be given off immediately and pass
out at the tubulature ;. but not more than is neces<
sary for driving out the air and vapour which were
in the retort. Put in the stopper, and let the gas
waste a few seconds through the pipe stem. Now
move one of the receivers to receive the gas, setting
it down so as to bring the pipestem a littlc way into
the mouth of the receiver, wfcthcr a vial or glass
: G .
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cylinder ; because the gas will not ascend into it if

merely brought under it, s the practice is when re.

geivers are filled with water. Two or three small

receivers will now be soon filled with pure muriatic

acid gas. Butif a sufficient quantity does not come

over, apply a candle to the retort. The salt con- .
sists of muriatig acid and soda., In this experiment

“the soda elects the sulphuric acid and discharges the

muriatic, while sulphate of soda, (glauber’s salts}

is formed and remains in the retort.

Remark. This gas being very acrid, the hands -
ought to be defended by gloves, and the operator
eshould avoid inhaling it. As it is difficult to pro-
cure strong sulphuric acid, a little may be prepared
by evaporating slowly in an earthen plate, a small
uantity of the common sulphuric acid of the shops.
he heat applied must be so moderate as merely to
raise a little vapour; If it is set on a stove which ig
hardly hissing hot, it will evaporate it sufficiently in
two or three hours. '

Application. On this principle the muriatic acid;
called spirits of salt, which is used by artists, may
be obtained. For if the gas be passed into a receiv-
er containing water, the water will absorb it and the
common liquid muriatic acid of the shops will be

formed.

. Muriatic acid is strongly absorbed by water of
we. '

Tllystration. When the muriaticacid has almost
geased to come over by the last described process,
take up the retort, pull off the pipe bowl and set the
nouth in water, holding the neck in a vertical posi-

" tion. The water will absorb the gas and ascend in
“the neck of the retort, and at length fill it
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Cut a piece of ice of a suitable form for entering:
the mouth of one of the receivers, and pass it into
the receiver through the mercury. It will absorb
the gas, become liquid, and mercury will ascend te
fill the vacuum.

Fill a small vial with cold water and invert it in the
mercurial trough by holding the finger on its mouth..
Now pour a little under one of the jars of muriatic.
acid gas. The water will absorb the gas and the mer.
cury will ascend as with the ice, Sink a small gal-
lipot into the mercury so as to bring the top of it
level with the surface of the mercury. Then with
a strait-edged picce of §lass, the water of the melt-
_ed ice, and which was last poured into the receiver
and now floats ®n the surface of the mercury after
the reccivers are taken up, may be swept into the.
gallipot.  Pass it among the class with a rod in it;.-
by which they may taste the acid.

Application. The strong attraction existing be-
tween muriatic acid and water, still exists when the.
acid is combined with soda in the state of salt. This
accounts for the salt’s forcing ice into the liquid state
when they are used together for a freezing mixture—
also when salt is used for thawing out a pump, &c,

Mouriatic acid gas extinguishes flame, first en.
larging it and grving it a green tinge.

Illustration. Slip a piece of dry paste-board
under one of the receivers, turn it up and set it
on the tuble. Now let down a-short piece of
candle slowly into it. As the candle enters the
gas the flame will become broader, dim, and pre-

nt an outside green or greenish-blue blaze,  and
then become e¢xtinct. ' :

" Application. This experiment shews, that the
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muriatic acid still possesses some faint vestige of
that property of the chlorine which enables it te sup-
port combustion. .

- Muriatic acid may be arrested in water standing
over common salt, at the moment of its escape; form-
ing the liguid spirits of salt, or the muriatic acid of
the shops.

Hlustration. Haying heated common table salt
in-a crucible to a moderate red heat and let it cool,.
put two ounces into a tubulated pint retort. Pour
through the tubulature, upon the sah, the same
weight of diluted sulphuric acid, consisting of equal
measures of the best sulphuric acid of the shops
and water, after they had been mi%ed and cooled..
The muriatie acid will be disengaged by elective
affinity as before explained ; and it will be arrested
in the water by that strong attraction which exists
between the gas and the water; as befere explained.
But the sulphate of soda which is formed in the re-
tort being intermixed, the liquid acid is very im-
pure. To separate it from the impurities it must be
distilled over. This may be eusily done, by fitting
the neck of the retort to a receiver, immersed in
cold water or surrounded with ice or snow, and ap-
plying a very moderate heat to the retort. A sand
bath, or coals in a lead pot, will give a due degree
of heat.

Application. By this method a physician or an
artist may obtam the acid, whose purity he is ac-
quainted with, by very little labour or expense. And
in the same experiment we illustrate the doctrine of
elective affinity, forcible attraction and the motion,
of caloric in evaporation and condensation.

-~
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FruoriNE.

- Fluorine becomes fluoric acid, and dissolves flint

and glass; in this state it is found constituting an

- essential part of fluor spar, from whick it may be ob-
tained in the state of gas, by elective affinity.

Illustration. Put into the etching box a tea spoon-
full of coarsely pulverized fluor spar, and set the
box into a pan of coals placed on bricks upon the
table. Pour in strong sulphuric acid, just sufficient
to moisten or moderately wet the fluor spar. Flu.
soric acid-will immediately rise up out of the cup,
which may be known by its attracting so much va-
por from the air as to exhibit the appearance of .
common steam. As soon as it begins to appear,
which will be in a few seconds, la{ over the cup a
piece of common window glass, large enough to
cover its mouth, which had been previously waxed
and written upon. Let aa assistant instantly apply
snow, ice, or cold water, to the upper side of the
glass, in order to keep it so cool as to prevent the
wax which is on the under side from meling.—
‘Take off the glass in ten seconds and apply another,
and so on. Two or three may be applied before
the fluor spar and ‘sulphuric acid are renewed. . The
writing made in the wax will appear beautifully
etched upon the glass on scraping off the wax. .

The best method of prepuring the glass, . is to

" warm or rather heat moderately, the fice of a smooth-
ing iron or piece of polished marble, so that white
wax or very fine beeswax will melt on being applied
to it. Lay the glass flat upon the melted wax, and
on sliding it off, it will be very evenly waxed. A
dozen pieces or more may be prepared in succes-
sion. ﬁ‘he writing may be made wiih the end of a



78 Fruorine. (Fluorie aeid.)

hard stick, nail, &c. Care must be taken to lay
the glass perfectly bare throughout all the strokes,
or there will l interraptions in the etching,

Remark. Fiuor spar is most plentifully obtain-
ed from Derbyshire in England. The best known
loculity in the northern states, is that of the green
variety interspersed with purple, discovered at Put-
ney in Vermont, by the Rev. E. D. Andrews. I
have received numerous small specimens from there,
and used considcrable of it in etching.

Application. Any devise, name, stanza, &c.
may be etched in this way, not only upon glass,
but upon any silicious substance. Common flint,
common chalcedony, the carnelion, &c. may be
engraved in the same manner. 1 once etched twen-
ty picces of glass and a carnelion watch seal, all
‘containing names of persons, within half an hour,
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" €LASS III. ACIDIFYABLE SUBSTAN.
CES, NOT METALLIC.

HybprocEN.

Hydrogen and oxygen being the combined consti-
‘tuents forming water, if the oxygen of the water is
united to a metal by elective affinity, the hydrogen
will come over in the stute of gas. - .

Illustration. Put half a gill of water into a pint
retort, to. be decomposed. Put into the water a ta-
‘ble spoonful of iron filings, for the oxygen of the
water to unite with. The oxygen of the water
would unite with the iron, forming iron rust or
oxyd of iron, in a sufficient length of time ; and the
hydrogen would come over. Because the oxygen
of the water has a stronger affinity for the iron than
for the hydrogen, and of course prefers or elects it.
. As this operation would require several months, put
in diluted sulphuric acid, consisting of a wine glass
one third full of sulphuric acid, filled up with water,
to hasten the process. Hydgogen gas will come
over jmmediately and with great rapidity. If a
smaller proportion of sulphuric acid be put in, the
gas will come over slower and continue longer. It
“may be received over water in bell-glasses, tume
blers, gas-holders, &c.

The sulphuric acid may be dispensed with, if the
water be converted into steam and pass over hot
iron, This may be performed by passing an open
gun-barrel_across a furnace and heating it red hot ;
while water is boiling at'the lower eud in a tin cup,
box or.glass retort withaneck fitted to the gun.bar-

L
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rel. Iron filings or wire may be put into the gun-
barrel; but the heated inner surface of the barrel will

decompose the water, without the filings or wire,

but not so readily.

Application. _Earthquakes are probably caused
by hydrogen. Iron and water are in contact in the
earth, consequently hydrogen is formed. The hy-
drogen passes into vast caverns and mixes with air,
Any spontaneous combustion in the earth, for
which there are many causes, would explode the gas;
which explosion, if of sufficient extent, would cause
an earthquake,

Hydrogen gas burns in a continued blaze, when
passed from any vessel into atmospheric air.

Illustration. Put some of the gas into a tubula-
ted bell-glass or common gas-holder, and immerse
it beneath the surface of the water in the cistern;
having previously fitted a [g})e'stem into a cork with
which tﬁe tubulature or hole in the top of the gas-
holder, is stopped, the upper end of the pipestem
being also stopped with a peg.  Pull out the peg,
and at the same instant apply a candle to the stream
of hydrogen which is forced out by the pressure of
the water, and it will be lighted and burn steadily
with some degree of decripitation. If a stop-cock
be used, which is better, no peg will be wanted in
the end of the pipe. '

Application. This flame was formerly called the
philosophic candle ; though it was ex!ubned in a
very simple manner. It does not give so much
light as some of its compounds, and is not now used

for gas lights. '
Hydrogen gas explodes if inflamed when inter-
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is pure, considerably when the oxygen is combined

wmixed with oxygen—uvery violently if the ongcn
wwith nitrogen as in atmospheric air. :

Illustration. Mix a quantity of hydrogen and
- atmospheric air in a tumbler or small bc%l-glass,
one part of hydrogen to two of air by bulk., Fill
the gas pistol with water, hold the thumb on the
vent hole and set the mouth over one of the .funnel
holes in the shelf. Pour under and fill the gas pis-
tol with the mixture of air and hydrogen. Having
a suitable cork ready and well soaked in wa-
ter, stop the mouth of the pistol very tight with
it. Now raise up the pistol, clevating the mouth
so as to point over the heads of the class ; remove
the thumb from the vent, and at the same instant
touch the flame of 'a candle to'it. It will explode
and drive the cork to a distance. But if the mix-
ture be miude of equal parts of pure oxygen and hy-
drogen, the explosion will be much more violent.

Application. This exhibits the prineiple of earth-
quakes before referred to.  Also the inflammability
of hydrogen, and shows that oxygen is a supporter
of combustion. :

Hydrogen gas, though itself’combustible, will not
aupport the combustion of other substances.

llustration.. Fill a glass cylinder with hydrogen
gas. . Ruise it up slowly, still retaining it in its in-
verted position, and carefully settle it down over a
candle. When the gas touches the flame it will
slightly explode, on account of a little mixture with
air at the mouth of the cylinder. After it is so far
settled down over the candle as to bring the wick
within the gas, it will be eztinguished, -
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Application. The ‘distinction between a com-
bustible substance and a supporter of combustion
should be well settled in the mind of the student.

Hydrogen and oxygen are good specimens of both.

Hydrogen and oxygén, when united by combus-
tion, form water. . - ' '

Tllugtration. Wipe off or cause to be absorbed -

by a sponge or otherwise, all moisture from the
mercury in the trough. Fix acrooked leaden pipe
to'a stop-cock in the top of the gas-holder of the
cistern, so that it shall pass over the side and along
on the bottom of the mercurial trough, and rise up
above the surface of the mercury about the middle
of the trough. Fit a pipestem into the end of the

leaden pipe, so that “it- shall stand upright to the

height of about two inches above the surface of the
mercury. Having put a sufficient quantity of hy-
drogen into the gas-holder, turn the stop and It a
small quantity of the gas pass out, which-must be

lighted up by applying a candle to the end of the

ipestem. Regulate the blaze by the stop, making
1t as small as it will burn. But if the blaze is ex-
tremely small, it will not burn in the oxygen.
Having previously filled entirely full a perfecily
dry small glass cylinder or large mouth vial with
oxygen, slide under it a piece of dry paste-board,
raise it up and shut it down suddenly over the burn-
ing hydrogen, bringing its mouth down to the mer-
cury. It will continue to burn, but will not ex-
plede. At length the blaze will become broader,
and finally cease. © On examination the cylinder
will be found to be lined with fine drops of water,
and some will run down upon the mercury. No
satmospheric air will unite with the oxygen; bev
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. ®ause, as soon as the blaze comes within the oxy-

gen gas it will expand with the heat, and thus it
will be partly forced out while the cylinder is set-
tled down towards the mercury, and of course pre.
vent the entrance of air. :

-The best method for filling the cylinder with
oxygen so as to keep it dry is, to fill it with mercu.
ry, and then force in the oxygen from a bladder.

Application. From this experiment it appears,
that the burning of one of the most combustible
substances with the all powerful supporter of com<

_bustion, the liquid is produced which we apply to
“extinguish flame.

While hydrogen is burning in oxygen and the
succession of atoms uniting and forming water, the
minute globules of water fly off with such force, as

Yo excite vibrations in a glass vessel, producing

sounds.

Illustration. 'While the above apparatus remains
unmoved ; light up the hydrogen as before, take up
a small bell-glass of oxygen which was filled in the
cistern, by sliding across its mouth a_piece of wet

aste-board, and, removing the paste-board, quick-
y shut it down over the burniung hydrogen so as to
bring the mouth very near the mercury, but not
quite to touch it. The bell-ghss will immediately
commence ringing, and if every thing is conducted
judiciously with a suitable bell-glass, &c. the sound
will almost deafen all present. I think the com.

- mon bottles used for preserving citrons and other

sweet-meats, is the best form. In these the neck is
broad and about one third the length of the body..

Keeping the flame chiefly in the neck, while the
tip of the flame ascends beyond the shoulder inte



84 HYDROGRN.

the broadest patt, produees a greater efifect. ' When

the sound grows faint, turn the stop a little, so as -

to enlarge the siream of hydrogen.

Application. It appears from this .experiment, ,

that atoms uniting chemically may unite with such
force, or may probably come together with such
velocity, as to give considerable impetus to the at-
oms of the compound. '

When hydrogen and oxygen are uniting and for-
ming water, much caloric 1s forced from the com-
bined to the free state.

Illustration. While the above appa'lratus remains
unmoved, light up the hydrogen as before, take up

a tubulated bell-glass of oxygen which was filled

in the cistern, and shut it down over the burning
hydrogen, very near to the mércury as before di-
rected. Having previously stopped the tubulature
with a cork, inte’ which was inserted a brass wire
holding in coils at its lower end fine iron wire, sha-
vings of zinc, gold and silver leaf, &ec. if these sub-
stances are quickly brought te the flame of hydro-
gen they will burn like tinder.

Application. This is an illustration of the prin-
ciple on which Hare’s blow-pipe is constructed.—
It is lso an illustration of the evolution of calorie
when guses are reduced to liquids.*

Hydrogen is much lighter than atmospheric air.

Illustration. Fit a tobacco pipe to the end of a

flexible tube.  Attach the other end to a stop-cock

— .
© These three last experiments 1 have pesformed several times, apparently to the

satisfaction of my pupils, but I never saw either of them performed by any other pet:
3om, neither have I ever read any deseription of thera. »
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= which is fitted to the top of a gas-holder. Seta bowl
of strong soap suds on a table near the cistern.—
Having put a large quantity of hydrogen into the gas.
holder, turn the stop so as to let out the gas slowly.
By applying the pipe bow! to the soap suds, bub-
bles may be inflated with the hydrogen gas and
shaken off, as children inflate them with their breath
and throw them. But instead of falling downward
as when inflated with the breath, they will ascend
and rise to the upper ceiling. :

Application.  This is the gas with which bal-

loons are inflated. It being but about a fifteenth

as heavy as atmospheric air, a large balloon,
when inflated with it, will carry up several persons.

Water absorbs and holds in combination a quanti-
ty of atmospheric air. ,

Illustration. Fill the bulb and part of the neck
of a bolthead, or a florence flask may do, with river
water, or any water which has been considerably
agitated in the open air. Tie a thread around the
neck at the precise surface of the water. Noyw sus-
pghd it over a candle, or over burning coals, and
the water will rise in the neck on account of the ex.
pansion of the air contained in the water. Let the
heat be continued a little while, but not so as to
commence boiling, and numerous bubbles of air
will be disengaged and appear in the vessel.

Application.  Air gives to water in running
streams a kind of briskness, as it is commonly cal-
led, which is not found in the water of wells; and
on agitating well water a short time in open air it
is greaily improved for drinking. ‘The air contain-
€d In water 1s essential to the lives of fish, which
has been often shewn b{l experiment, Some spe-

~
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cies of fish cannot live in a small still fish pond, -
which would be healthy if the water was frequently
agitated, so as to give it a bétter opportunity to ab-
sorb air, . ‘ )

Water makes an effort to shoot into crystals on
Jreezing, and this crystatline tendency expands its
volume and thereby diminishes its specific gravity ;
probably by inducing minute interstices.

Ilustration. Throw a fair specimen of ice upon
water and it will float, of course its specific gravity
is less than that of the water. '

Application. To this principle we are indebted
for our ice bridges, erected by nature, during the
winter season.

The specific gravity of water is encreased by dis-
solving a salt in it.

Illustration. Fill two tumblers almost full of
water. Let the water of one tumbler be pure, and
that of the other contain as much common salt as
it will hold at the temperature of pretty cool water.
Attach a piece of lead to a small piece of wood,
whittling off from either the lead or the wood urftil
it will barely float in the tumbler of salt water. Ne
put it into the tumbler of fresh water and it will

“sink to the bottom. '

Application. A ship will swim in the ocean with
a freight so heavy, that it would sink if sailed into
a fresh water river. Persons cast away at sea can
swim much easier than they could in fresh water,
because the greater specific gravity of the water will
help to buoy them up,
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Nitrogen and oxygen being the only essential con-
stituents of atmospheric air, if the oxygen be ab-
stracted from an enclosed portion of the atmosphere,
the nitrogen will be left in the state of gas.

Ilustration. The oxygen may be extracted by
burning phosphorus, as directed under the head of
simple substances ; or more perfectly if the season
is not cold, as follows : Mix finely pulverized sul-
phur and iron filings, rubbing them well together.
‘Then moisten the mixture with water, and place as
much of it on the bottom of an inverted wine glass
as will lie on it, or place it on any other stand of
about the same height.  Place this on a shelf of .the
cistern, or in a large soup plate filled with water.
Now shut over this mixture a half gallon bell-glass,
or specie bottle of that size, and let it stand about
twenty-four hours. The oxygen will be absorbed
from the air in the bell-glass, and the water will have
ascended to fill the vacancy made by the loss of the
oxygen, which is about twenty-one’percent. The
remaining gas will be nitrogen.

Application, Whatever consumes the oxygen
of the air in a close room, will tend to leave an en.
creased proportion of nitrogen. Probably the pri-
soners crowded into the Black Hole of Calcutta, had
but very little oxygen to breathe for some time be-
fore they died. ' , '

Nitrogen gas extinguishes flame and destroys
kfe, if breat/zged, by excluding oxygen. - '

Illustration. Immerse a burning candle in a
* Iam very glad to find nitrogen used by Brande instead of azote, which Gorbam has
very uaadvisedly, adopted. .
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small jar of it, and it will be extinguished. Fill a

small jar entirely full of the gas, slip a piece of
wet paste-board -across its mouth and turn it- up.

Take a live mouse into the hand, having a leathern

glove on it to defend it from the bite of the mouse,
and drop it into the jar, instantly covering it again,

"The mouse will expire in a short time, though not

so soon as In some other gases.

. Application.  Since oxygen and nitrogen are the
only essential constituents of the atmosphere, and
since nitrogen extinguishes flame and destroys life,
it is manifest that oxygen is the only supporter of
combustion and animal respiration in the atmos-
phere.

Nitrogen gas is the lightest of the constituents of
atmospheric air.

Illustration. Extinguish a candle as before di-
rected in a jar of nitrogen gas.- Then cover it
loosely with dry paste-board, so that the motion of
the air may not drive it out, and let it stand a while.
Afterwards, or at least after a few trials, the candle
will not be extinguished; because the nitrogen, be- .
ing lighter than atmospheric air, will have ascended,
and common air will have taken its place..

Application. Though oxygen and.nitrogen in
open space, mix in an equilibrium proportion; when
one of them is in excess, or in any manner separat-
ed from its state of union, it will seek its place ac-
cording to its specific gravity. Consequently a dis-
united quaptity of oxygen will seule downwards,
and that of nitrogen will ascend. So that when much
‘oxygen is consumed by a crowd of persons in a

_close room, the excess of nitrogen will ascend and
render the air near the upper celiing very unfit for
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breathing, while the air lower down is more suita-
ble for respiration. '

About seventy.nine per cent of nitrogen gas, mix-.
ed with twenty-one per cent of oxygen, will form
. artificial air, i all respects similar to atmospheric
air. :

Hlustration. Take four glass cylinders, as near-
ly equal in size and form as can ée procured, and
fill them as follows: The first with nitrogen, the
second with oxygen, the third ‘with four measures
of nitrogen and one measure ofoxygen, and let the
fourth remain filled with atmespheric air. Turn
them all up, leaving them covered with pieces of
wet paste-board, excepting the fourth, which may
be open. Light a short picce of candle, which is
suspended by a wire coiled around at its lower enid.
Let it burn some time with a large wick, which
should be spread out wide and full of sparks. Now
immerse the blazing candle in the nitrogen, and it
will be extinguished—then quickly immerse it in
the oxygen and it will be re-lighted—next immerse
it alternately several times in the cylinders of arti-
ficial and natural air, and it will burn alike in both.

Application, By this experiment we see at one
view the nature of the two constituents of the air in
their separate and in their combined state. Though
these proportions are temporarily varied in the at-
mosphere of confined rooms, and sometimes in
large cities and other places, nature has provided
remedies for such contingencies. A considerable
supply of oxygen is drawn from the vegetable
kingdom, which was illustrated under oxygen.
‘There are other means prescribed for equallizing

H2
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the proportions of those gases, according-to their
equilibrium principle.

‘The production of nitrogen cannot always be ac-
counted for, There is a small hill, or rathcr an as-
cent of ground, in the town of Hosick, in the state
of New-York, from which continually' issues im-
mense quantities of nitrogen gas. Wherever the
little rivulets pass over any part of four or five acres
of this hill, nitrogen gas continually bubbles
through the water. Dr. L. C. Beck and myself
collected and tested this gas on the 17th of Aug.
1821. It is situated near the east boundary line of
the state, about six miles southwesterly from Ben-

nington,Vt. Vid. Report of the Geological survey - .

of Rensselaer county, p. 29.

Atmospheric air holds in suspension more or less of
agueous vapour.

Illustration. Put a little common table salt into
a wine-glass, and pour on it strong sulphuric acid
sufficient to wet it. Muriatic acid gas will be dis-
engaged, as observed under chlorine. This gas
was then invisible, but it was seen by an experi-
ment that it attracted water powerfully. In this
experiment it will attract water from the air and
condense it so as to become visible, and appear
like steam.

Application. This experiment demonstrates,
that clouds are not the only repositories of aqueous
vapour in the atmosphere ; but that it is held in
suspension in its most clear and transparent state,
Neither aqueous vapour, hydrogen, nor carbonic
acid are constituents of the atmesphere, however,
as some chemists have absurdly observed. It
would not be more absurd to call dust and leaves

N

S T ——
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constituents of the atmosphere, or driftwood and
mud constituent parts of water.

Atmospheric air presses with considerable force
on all surfaces exposed to it.

Illustration. Fill a wine glass perfectly full of
water, cover it with a piece o% writing paper, press
the hand upon it and invert it. The water will be
sustained in the glass by the upward pressure.of
the air. : '

Fill asmall strong glass tube with mercury,
which is closed at one end. more than thirty inches
long, three feet is about a suitable length. Hold
the thumb strongly on the open end and invert it,
]'ilacing the open end in the mercurial trough.

'he mercury will sink down leaving a perfect or
Torricellian vacuum, at the top of from five to
eight inches; a column of from twenty-eight to
thirty-one inches, being sustained in the tube by
the pressure of the atmosphere upon the surface of
the mercury in the trough.

Application. Atmospheric pressure varies ac-
cording to the temperature, quantity of moisture
contained in it, and the elevation of the place where
bodies are situated. As the height of the column
of mercury varies in a direct ratio of the variation
of pressure, an -instrument, called a barometer, is
con veniently constructed for ascertaining the quan-
tity of variation. _

As mercury is -thirteen times and a half the
weight of water, it follaws that a colunn of water
may be raised thirteen and a half times as high asa
column of mercury by atmospheric pressure. For

-example, water may be raised by what is called a

-
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suction pump to the height of between thirty-one
and thirty-five feet.

The average pressure of the atmosphere is about
fifteen pounds upon every square inch. More than
‘a ton weight presses upen a middling size man.

Atmospheric air can be weighed in scales by a di-
rect process.

Illustration. Fit a stop-cock to a florence flusk -
“as in the experiment of boiling water with snow.
eat the flask, almost to its melting point, in order
to drive out the atmospheric air ; and turn the stop
while at its highest heat. Take it from the fire and
"weigh it accurately. Now-turn back the stop and
weigh it again, and it will be found to weigh more
than before. Byv.measuring the flask with water, the
measure of atmospheric air will be known ; and,
though the lust portion of air will not be driven out
by heat, it may be brought so near to a vacuum as

© to give a pretty satisfactory result.- The air could .
be exhausted more effectually by a good air pump.

Application. The elasticity and expansive pow-
er of air is here shown. By the same method any
gas can be weighed ; differing only in applying the
mouth of the stop-cock to the tube of a bladder’s
neck, or whatever contains the gus to be weighed,
and filling the flask in this way with the gas instead
of atmospheric air.

Remark. This experiment, as exhibited before
a class, is rather intem{::d to shew the principle, than
to arrive at a correct result. Far more time would
be required to ascertain the temperature and weight
of the atmosphere at the time, &c. than could be
afforded in the course here proposed.
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Nitrogen is found combined with its highest pro-
portion of oxygen in the saltpetre, from which it
may be obtained by elective affinity.

Illustration. Put into a tubulated pint retort
about a wine-glass full of pulverized saltpetre, and
pour upon it, through the tubulature, strong sul-
phuric acid sufficient to wet it, or about two thirds
as much by weight as there is of the saltpetreé. Hav.
ing previously luted the neck of the retort intoare-
ceiver containing a gill of water which has a stop-
pered tubulature ; now set the retort into alead
pot with couls and raise the heat very moderately.
Leave out the stopper a while, for the air to pass
out. Then put in the stopper rather loosely, but
regulate it according to the pressure of the gas.
The nitric acid, (aqua fortis) will come over in the
state of gas, or rather in copnexion with the vapour °
of water. It will:be absorbed by the water of the
receiver. After the process is finished, pass around
some of the acid in wine glasses with a rod, and
the class will recognizc the taste of diluted aqua
fortis, or nitric acid.

Application. O this principle the aqua fortis of
the shops is manufactured. Iron retorts are used
in the manufacture of it in-the large way ; therefore
it will generally give the test of iron with prussic
acid. As saltpetre always contains muriate of so-
da, muriatic acid will be contained in the aqua fortis
of the shops ; consequently will generally dissolve
gold, unless it is removed by nitrate of silver, (lu-
nar caustic.)
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Nitric acid may be reduced to nitrous acid and
nitric oxyd, by yielding part of its oxygen to a me-
tal. :

Ilustration. Put into a very small retort, a gill.

retort is best, a table spoonful of copper filings—
About. one fourth as much mercury will do, but
not so well. Then pour into it about two spoon-
fuls of nitric acid, diluted with three or four times
as much water. Put the beak of the retort into the
cistern under a receiver, and apply the heat of a

candle or a pan of coals to the retort. The heat.

must be uniformly applied, or the gas may be a lit-
e condensed in the retort, and the water will rush
mto 1t. The gas will soon come over ; but the
ﬁg’st will be mixed with atmospheric air, of a red-.
dish colour, and should be allowed to escape thro’
the water of the cistern. It will soon pass into the
receiver in a colourless state. This gas is the #ni-

tric oxyd or the dentoxyd of nitrogen ; far the cop.-

- per filings have taken up so much oxygen as not
to leave a sufficient proportion of oxygen to formn
an acid. - .

After a sufficient quantity has been collected, fill
a small glass cylinder half full of oxygen (atmos.
pheric air will do) and then fill it up with nitric
oxyd. It will immediately take another portion of
oxygen and become nitrous acid. ‘This gas is rea-
dily distinguished from the nitric oxyd, by its deep
orange colour, If the glass cylinder be turned up
and a burning candle be immersed in it, the can-
dle will continue to burn with considerable bril-
liancy.

Application, Inthis experiment we begin with
the highest state of oxydation which nitrogen is ca.
pable of. Having no convenient method.for re-

Y
A,
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ducing it one grade only, we reduce it through two
proportions at once—carrying it down to the state
of an oxyd.. Then letting it come in contact with
oxygen, whether pure or mixed with nitrogen, it
takes a proportion of oxygen, intermediate between
nitric oxyd and nitric acid, and forms nitrousacid.

Nitrie acid may be reduced to nitrous oxyd (the
exhilarating gas) by heating it when chemically
combined with ammonia.

Illustration. Prepare the salt called nitrate of
ammonia, according to the directions to be given
further on. If the salt is prepared in crystals, let
them be melted and evaporated to a dry powder in
an open carthen plate with a slow heat. Put the
salt into a retort. which may be about one fourth
part filled, Apply a tin tube to the beak of the re-
tort about ‘three feet long, to prevent accidents
which generally happen without it, by breaking the
retort with water when highly heated. No luting
is necessary, wet tow or flax will be sufficient.—
Now set the retort into a lead pot with coals and
raise the heat with the hand bellows. After the
salt has melted, and white vapours begin to appear
in the retort, apply the beak to the cistern under
the receiver. A great quantity of the gas will soon
come over ; and 1t will continue until all the salt,
or nealy all, disappcars.

This nitrous oxyd gas may be breathed in small
quantities by the members of the class, about a pint
to each, without injury. It will exhiliarate slight-
ly, and the taste is sweetish and pleasant. If
breathed in large quantities, as about two gallonsat
once, respired a dozen times, it intoxicates and sus-
pends the powes of reasoning. It is unquestiona.
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bly injurious to health ; but being generally ad-
ministered to the young and healthy, they endure
it, mostly, without any bad consequénces. Brande
says it cannot be breathed with impunity.*

A burning candle let down into this gas has its
flame increased and it is always surrounded with a
purplish ring or halo.

Application. By these two last illustrations it ap-
pears, that nitrogen combines with oxygen in four
definite proportions. And that, beginning with the
highest proportion it may be reduced to the other
three.  In reducing it to the lowest state, the nitrous
oxyd, the rationale is thus given by chemists. The
nitrate of ammonia consists of nitric acid combined
with ammonia ; and sammonia is a cqmpound of
nitrogen and hydrogen. ~'When considerable heat
is applied to this salt, the hydrogen of the ammo-
nia unites with the highest portion of the oxygen of
the nitric acid and forms water. This comes over
in the state of white vapour, which appears first.
The nitric is thus reduced to a lower state of oxy.
dation. At the same time the nitrogen of the am-
monia takes away another proportion of oxygen and
becomes nitrous oxyd, leaving the nitrogen of the
nitric acid just oxygen enough to form nitrous
oxyd also.

Nitrogen and hydrogen combined form an alka-
line compound called ammonia, hartshorn, or vola-
tile alkali,

Illustration.  Fill a florence flask with nitrogen,
———
* Several persons have lately employed themselves in peddling this gas about the
country, who call their vulgar frolicks, lectures on chemistry. All ible citl

ought to discountenance such gross outrages upon decency, which tend to reduce the °

schance to the'level of a puppet-show.
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Pulverize iron filings so as to make them almost ins
to an impalpable powder. Pour a small quantity
of water upon them, so as to be enabled to make
them adhere .in the form of little balls, twice op
thrice the size of peas. Drop about a dozen of
these balls into the flask—care being taken not to
leave the flask open but an instant at a time when
dropping in the balls ; as the nitrogen will ascend.
Afuer a considerable time small quantities of hydro-

~gen will be produced by the decomposition of the

water with which the balls of iron filings are mois.
tened: At the instant of the disengagement of the
hydrogen, or rather while it is in an evanescent
state, the nitrogen unites with it- and forms ammo-
nia in the state of gas. 'This may barcly be per-
ceived by the scent; but if muriatic acid gas be
passed into the flask, muriate of ammonia, or sal
ammoniac, will be formed in a small quantity and
adhere to the side of the flask.

N. B. I have sometimes failed in this experi-

- ment, without being able to assign a reason for the

failure.

Application. This experiment demonstrates the
compound nature of ammonia. But as ammonia
is produced in great abundance in nature, and has
most of its properties in common with the alkalics,
}t will be treated in connexion with the other alkas
ies.

SvrruUR.

Sulphur on being inflamed in atmospheric air, will

unite with a defimite proportion of oxygen and form
sulphurous acid gas.

Hlustration, Cover the bottom of a small plafe
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a quarter of an inch deep with water. Put a small
piece of common brimstone in the centre of the
plate, elevated on.a piece of earthen, marble or
other substance which will net burn or dissolve in
water. Now inflame the sulphur with a candle,
and shut over ita tubulated bell-glass, or a tumbler
with a hole in the bottom. This vessel must be
of a size just to shut down within the rim of the
plate. At first take the stopper out and raise the
bell-glass a little above the water, to give passage
to a current of air. Regulate this by the progress
of the burning sulphur.  After the hell-glass ap-

ars well filled with a white vapour, shut it down
close and tighten the stopper. The water in the
plate will absorb the sulphurous acid gas in about
fifteen minutes. Pour part of this water into wine
glasses and pass it around with tasting rods, and
the class will perceive the nauseous sulphurous as-
tringent taste, peculiar to this acid. In the mean
time wet several substances, coloured with vegeta-
ble colouring matter, and it . will extinguish many
of them, butnotall. A yellow straw braid will be-
come whitened in it ; and some colours on calico
will be extinguished. The liquid sulphurous acid
looses this property by keeping long.

Application. This acid is used by milliners both
in the liquid and in the gaseous state for, bleaching
straw bonnets. If old yellow straw braid is soaked
a while in water aud then suspended inside of a no-
headed barrel or hogshead, and brimstone is inflam-
ed at the bottom of the cask, and suffered to com-’
mence burning thorougly, then the top covered over,
the straw will soon become whitened by the action
of this acid. ’
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Sulphur, on being inflamed in atmospheric air, if
previously, pulverized and mixed with a portion of
saltpetre, will unite with its highest definite propor-
t‘i"o‘nlof oxygen and form sulphuric acid, or oil of vi-
triob.

Illustration. Dry some saltpetre on a plate. Then
pulverize it very thorougly, and mix it with about
four times as much sulphur, (in the large way eight
times as much sulphur is used,) and rub them inti-
mately together. Now proceed in all respects asin
producing sulphurous acid, above described ; and
the additional portion of oxygen furnished by the
saltpetre will perfect the process. After the water
has absorbed the acid, pass some of it around in
‘wine glasses with tasting rods, and the class will re-
cognize the clean pleasant sour taste of the sulphu-
ric acid, or oil of vitriol, in a weak or diluted state.
It is distinguished from all other acids by its char-
ring or blackening all vegetable substances.

Application. The oil of vitriol of the shops is
made on the same principle. Leaden chambers be-
ing substituted for the bell-glass, and the floor is
covered with water. Itis at first obtained in a very
diluted state. It is then slowly evaporated, until it
comes to a suitable strength for the market.  'When
this, or any other acid, is combined with the small-
est quantity of water, which can hold it in the li-
quid state, it is called concentrated acid. To pro-
duce this, the acid itself is distilled over, after the
evaporation of the water is finished. But almost
any experiment may be performed with the acid

which is prepared by slowly evaporating the water
from it in an open plate. ‘

Remark. Sulphuric acid is the key to most
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_ chemical analyses. It is made by a direct process.
Whereas nitric acid and muriatic acid, being the
other two powerful acids, are obtained from salt-
petre and from common table salt, by the agency
of sulphuric acid. :

Sulphur may be combined with hydrogen and form
the essence of most of the nauseous seents, called sul-
phuretted hydrogen gas.

Illustration. Mix about equal bulks of finely
pulverized iron filings and pulverized sulphur. Put
this mixture into a crucible; covering it over by
inverting in it the crucible next smaller in size, of
the nest of crucibles to which it belongs. Set upon
hot coals and melt the mixture—let it remain un.
- til the blue blaze which leaks out between the cru- |
- cibles, ceases. Now empty it out, which will be
" the artificial sulphuret of iron. Next proceed with

this in all respects, as-directed for obtaining hydro-
pen-gas with this addition; that after the sulphuret
and the diluted sulphuric acid are mixed in the re- J
tort, the heat of the candl¢ must be applied to the.
retort.

This gas must not be collected in the cistern ;
but the receiver must be filled with pure clean rain
or river water and inverted in a wash bowl or some
other convenient vessel. -

Application. This is the gas which is generated
in all dirty sinks and other places abounding in such
filthy substances. '

Sulphuretted hydrogen gas explodes on being in-
Jlamed in oxygen.

Tllustration. Mix it with oxygen and explode it
in the gas pistol in all respects as directed with pure
hydrogen. :

R DOt Ay o ey = n—:.:—J
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Application. There may possibly be a sufficient
quantity of this gas generated about the kitchens
and sinks of filthy housckeepers, to explode with
the oxygen of the atmosphere. This would be a
dangeraus method of purification ¢“by fire.”

Sulphuretted hydrogen gas is absorbed rapidly by
water ; and, in the liguid state, gives a dark or black
tinge to many metals.

_ Illustration. While the gas is coming over, as be-
fore mentioned, let some pass into a decanter, which
is filled with rain water and inverted, until half the
water runs out. Put the thumb over the mouth and
shake the decanter violently. It will immediately
absorbthe gas. Now pour a little into a wine glass
and drop in a little sugar of lead and it will be
blackened. Copperas, blue vitriol, white vitriol,
and other metallic salts may be dropped into differ-
ent glasses of the liquid, and all will receive differ-
ent shades of colour. A piece of silver coin will
also become brown if immersed in it a while, espe-
cially in the roughest parts of it. .

Application. - When lead is suspended in water,
‘this liquid is aready test. Silver spoons, &c. often
exhibit dark coloured spots, which appear unae-
countable to housckeepers. These are generally-
* caused by liquid sulphuretted hydrogen, generated
about filthy sinks, &c. Ladies who paint their fa-
ces with a cosmetic whose basis-is bismuth or oth-
er metal, often become tawny by approaching an
old dock or sewer.

Many natural springs are highly chtrged with
sulphuretted hydrogen.” They are always useful in
cutaneous eruptions; and are generally called Har,
rowgate springs, from their resembling the Harrow-
gate waters in Englzmd.I g‘hey are distinguished



quires
of the process with success. It may be purchased
#t 4 dollar and a half or two doflars per cunce. Half
#n ounce will be suficient for a course of instruc-
tion,

Phosphorus slowly decomposes water, by combin-
i%wi/ﬁ a little oxygen, forming the oxyd of phos-
Dphwrous.

Illustration. Expose a stick of phosphorus to
water scveral days in a vial, and the outside will be
covered with a white substance, which is the oxyd
of phos&wms. The oxyd is more inflammable than
pure phosphorus. If a little be scraped off and ex-
, loau: to the rays of the sun a short time it will tuke

re.

Application. Sticks of phosphorus kept in vials
of water in the common way, are always covered
on the outside with the oxydy: T once set a galli-
pot in a desk in Rutlund court-house, Vermont, to
the Inside of which u little oxyd of phosphorus ad-
hered,  ‘The weather was extremely cold, and it
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stood undisturbed and forgotten for several days.
At length a crowded assembly occupying the room
one evening, and the temperature of the air being
considerably raised, it took fire spontaneously and
burned rapidly. If a vial be heated a little, and a
piece of phosphorus attached to the end of a wire
be rubbed about the inside of the viol, in a half
melted state, so asto coat it, this will be the phos-
phoric match vial. This being the oxyd of phos-
phorus, if a little be taken out and exposed to the
air, if the weather is not very cold, it will take fire
spontancously. The vial must be kept corked—
and even when it is preparing, it may take fire and
require the vial to be stopped a moment until it is

- extinguished.

By light friction phosphorus becomes oxydated,
and during the process a partial combustion and illz-
mination takes place.

Tllustration. Rub a stick of phosphorus lightly
on a smooth pine board.  The phosphorus which
is left on the board will be luminous in the dark,
and by blowing upon it a fiery appearance will ap-
pear and vanish, and exhibit undulating waves of
light.

Application. Letters or even sentences may be
written on board ceilings, &c. which may be read
in the dark for fifteen or twenty minutes. During
their illumination, the phosphorus is manifestly in a

. state of imperfect combustion and becomes oxyda-

ted.

Phosphorus, on being inflamed in atmospheric
air, will unite with its highest definite proportion of’
oxcygen and form phosphoric acid.



¥ /4 'Mﬂmﬁb

b thvrtr  WH4 444, 8 sonsants sn doreced for
[Ancnnntilf 'r;’/’r’h‘/ﬂ"‘/ Wi, Pt the 'W need
ti it vl arbot4 B, 48 H srtesh I elrst derwm very sud-
Hetdy mugtl e g sed, e diately afwr the phos-
vhr Flin o tllutiieel- A very dense white substance
D Ve thetely 1 the Brell-gluns,  After the wa-
(0 1 Hit fdate Din alonen lied the white vapour, pour
atifighe bl 10 Nk We “Iumm il pa it uround with
fr gy teba Ul olusn will perecive that an acid
Pl Wil e whsorhied by the water.

«\\a\d\w\\\u\\- T'hix weild Is not much used. It
Bty Al sl oy, as betore observ.

A

’\5 \\\4 \\\'“\l\ ““‘ \\ ‘«‘w‘\@m\\: M’m&gﬁ
Cad WA R B Ao A

Wiaasn Bl @ coisnidoredie quanticy of
N W, \\i k\\\\\)\\\“ W RRY & &l;l UGN -:_'xiﬁi:
Veou NN WG WY (Y ek, and uk
R ) TS CRTt [ QRO TR q.\v'unrif-: x
RN S A T I R e e §
W \ \\\~\‘\:,‘ §\\\\\\\ (WEN TN R R oW X
AN N K TN WIS oG e S
A NN I R LIRS T e
NENER Y \\\ S RN\N NN on TN VNG ke ;‘&‘;‘i .
« NN\ “ W N \b\.\\t:‘- JN A e
SN A AN PR NN - G I

N N N SRS NS M= T I~
NN N NN Yoo Nas \\‘:i-‘\\& [ SRS T G DN N
N~ s NN v eIy Wl Tl eyl T

TN ANAN N (e @ E ST €L R e

N N . N SaNt v ey ~ cwd 1 RS Twe i
©vss Ne s Ny w. e R Oaer. LoD X
NI N W L LI IO "YU -

N .. N TNt N e v W -SeEA .

. .

-~



Pruosprorvus.(Phosphuretted hydrogen.)105

put in.  Afier the open end of the tube is brought
in contact with the salt, the thumb may be raised
up and pressed down, so as to furnish the quantity
of acid required to continue the flame.

The phosphorus may be inflamed also by forcing
a stream of oxygen upon the phosphorus, through
a tin tube from a bladder. But in this case the
water must be hot, nearly at boiling heat.

Application. This experiment %mves, that com.
bustion may be supported in defiance of water,
which we generally consider as having unlimited
power over fire. -

Phosphorus may be made to unite with hydro-
gen, forming a compound which explodes and burns
spontaneously in atmospheric air, called phosphuret-
ted hydrogen gas.

Illustration. Phosphorus may be made to de-
compose water, and to unite with the hydrogen of
the water in its evanescent state. But it seems to

“require the presence of an alkali to create in it, in
some unexplained manner, a pre-disposition to de-
compose the water.

The following method was obligingly communi.
cated to me in a letter by Prof. Siliman. -Put into
a retort a quantity of unslacked lime, about enough
to fill the retort half full after it is slacked. Putin
water enough to slack the lime. Put in about one-
third, by measure, as much pearlash as lime, after
the lime has slacked. Now fill the retort to the
bend of the neck with water. Shake up the mix-
ture, and immediately put in some shavings of
phosphorus. A stick an inch in length shaved up

~ will be sufficient, if the retort holds a pint. Now
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shake up the whole mixture, and set the retort into
a lead pot, and apply heat. Let the beak be turn-
ed directly upwards, and fill it entirely full of wa-
ter. Ruise the heat until a bubble or two appears
at the beak of the retort, and explodes. Now fill
up the retort quite full of water, if any has run
over ; place the thumb upon the beak, and stop it
close, to prevent atmospheric air from entering it,
while the beak is turned down and immersed in
the cistern. Ruaise the heat gradually, and the gas
will soon fill the bend of the neck, and gradually
approach the beak ; and as the bubbles begin to
be expelled from the beak, they take fire and ex-
plode. If the air of the room be kept still, the cor-
rona or twisting wreath of smoke will ascend in an
elegant form, after each explosion.

Application.  This is an exhibition of the Jack-
o’lantern, so often seen about places where animals
are putrifying in damp ground. But nature has a
method of combining the phosphuretted hydrogen
with something, which causes it to burn more stea-
dily and to endure longer. ‘

Phosphuretted hydrogen gas explodes spontane-

ously, and with great brilliancy in oxygen gas.

Illustration. 'While the bubbles of sulphuretted
hydrogen gas are ascending, pass the beak of the
retort under a hole in the shelf, over which is seta
strong bell-glass, with about a pint of oxygen in
the upper partof it. After a bubble has ascended
through the water of the bell-glass and comes in
contact with the oxygen, it will explode with a bril-
liant illumination. '

Application. Here the two most combustible
substances in nature, hydrogen and phosphorus,
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meet the great supporter of combustion, oxygen.
We should of course expect spontanecous combus-
tion. ’

Phosphorus dissolves in warm oil, and in that
state is luminous in the dark when exposed to at-
mospheric air.

Tllustration.  Fill an ounce vial two thirds full of
sweet oil. Put some shavings of phosphorus into
it ; ‘about half an inch of a common stick will be
sufficient. Hold the vial near the fire, untilit is
about as hot as can be borne by the hand, and keep
it at this temperature until the phosphorus is melted.
Now if the cork is taken out, the upper part of the
vial will become luminous in the dark by the ad- .
mission of air. Cover all the lights in the room,
pour two or three tea-spoonfuls of it into the hand,
and rub it thoroughly over a boy’s face and hair,
and let him show himself to the class. His face
will be singularly luminous, and his hair will exhi-
bit a kind of undulating flame. It must not be for--
gotten, in this experiment, that the vial is to be ve-
ry warm, so that the oil may be of a temperature
about equal to blood heat whenever it is to be ap-

lied, ‘ i
P Application.  Although many luminous meteors:
traverse the atmosphere, called shooting stars, &c.

which have never been subjccted to analysis ; yet
~ these tliree lust experiments go far towards a solu-
tion of such phenomena.. '

CARBON.
Remark. Carbon is pure in the state of a dia-

mond only. Common charcoal is always combined
with a litle oxygen. Carbon is abundant in na-
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ture in wvarious states. In the pitcoal it exists in
combination with a little oxygen, bitumen, sul-
phur, &c. In the anthracite “or glance coal it is
more pure than in any other state, excepting the
diamond. Combined with oxygen and forming a
gas, it floats in the atmosphere. It forms a consti-
tuent })art of marble, of chalk, of all vegetable and
- animal matter, &c..

Charcoal, when cold, absorbs sulphuretted hydro-
gen gas, ammoniacal gas, carburetted hydrogen gas,
carbonic ‘acid gas, &ec. and gives them off again
awhen heated.

Illustration. - Prepare these gases according to the
directions heretofore given, and hereafter tobe given ;
fill small glass cylinders or broad mouthed vials with
them separately, and place them over mercury. Cut

iecesof charcoal of a size which will easily enter the
mouths of the glass cylinders. Take the pieces sepa-
rately into the small tongs and hold them over a hot
fire, until they become redhot. Take them from the
fire and scrape off the outside a little, and plunge
them into mercury to cool without coming in con-
tact with air.  After they are perfectly cooled, pass
them separately into the several cylinders of gas,
and a considerable quantity of each will be absorb-
ed, and the mercury will ascend to fill the vacuum.
After these pieces of coal ure saturated, draw them
out through mercury (at least one or two of them)
and heat them again. On applying them a second
time, it will be found that the heat has driven out .
the gases, as they will again absorb them as before.

A little mercury will be found pressed into the
pores of the coal ; but this does not affect the ex-

periment, as the coal will absorb the gases equally
well. o
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Application. There is notan experiment known
in chemistry, which explains more of the practical
pririciples of agriculture and domestic economy,
than this. All the gases which are produced when
animal matter passes into a state of putrefaction be-
ing absorbed by it, it is very important in resisting
and checking the progress of putrefaction. A tooth-
powder, made by heating finely pulverized char.
coal to redness in an iron skillet, and pouring it
while hot intoa bowl of cleanwater, is the best of 11l
known substances to preserve the teeth from decay,
or to preventfurther decay after it had commenced.
For the gases being all driven out by heat, the
charcoal absorbs water and sinks in it. If kept in
a bottle, it will remain under water, defended from
the gases, and if shaken up and a tea-spoonful be
taken occasionally into the mouth, and the teeth
rubbed with it, every thing impure will be absorb-
ed.

Putrid meat will become purified by immersing
itin a similar preparation. Putrid wateris also pu-
rified by pouring into it heated charcoal powder,
&c. &c.

Carbinaceous manures, as rotted straw, leaves;
&ec. furnish food for vegetables upon the same prin-
ciple. In the cool season of night they absorb car-
-bonic acid, carburetted hydrogen, ammonia, &,
which they give off under the heating rays of the
sun during the day to the absorbent vessels of the
fibrous roots of plants.

Charcaal. if exposed to oxygen gas in a state of
ignition, will combine with it, and form carbonic
acid gas.

Iilustration.. Fill a glass tumbler with oxygen
gas in the cistern, slip across its mouth a piece of
K
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paste-board, turn it up and set it near the mercurial
trough. Expose a small piece of charcoal to a
strong heat, holding it in the tongs until itis red hot
and burning. Now lay it upon the surface of the
mercury, and holding the paste-beard pressed upon
the tumbler, bring it, with the top downwards, over
the burning charcoal.  Quickly remove the
paste-board, and shut the tumbler closely over. the
coal. . It will burn, throwing off bright sparks, un.
til so much of it has become a gas and combined
with the oxygen, as to convert the whole into car-
bonic acid. The bulk of the gas will neither in-
crease nor diminish, but become specifically heav-
ier.

Now draw out the coal through the mercury,
slip the paste-board across the mouth of the tums.
bler, turn it up and set it on the table. Immerse a
burning candle in it, and it will be extinguished.—

- Test it also with limpid lime water. This may be
performed most conveniently, by carefully letting
down into it a low glass cup of lime water. It will
soon be covered with a white or grey pellicle. A
pretty large watch glass will do, if it is not conven-
1ent to obtain any other.

Application. A kettle of, coals is frequently set
into a close bed-room on a cold night. Carbon-
ic acid gas is formed by the union of the charcoal
with the oxygen of the atmosphere, which frequent-
ly destroys life.

Carbonic acid exists in combination with lime,
Jorming chalk, common limestone, or marble, from
which 1t may be obtained by elective affinity.

Illustration. Pulverize a fragment of marble,
and put a wine glass full into a pint retort. Pour
on it about a gill of water. After it has soaked
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about a minute, pour in slowly half a wine glass of
.sulphuric acid, diluted with about five times as much
water. ‘The lime, forming the basis of the marble,
will elect the sulphuric acid, and the carbonic acid
will come over in a state of gas, and may be collec-
ted in any receiver placed on a shelf of the cis-
tern.

“Application. * On this principle the carbonic acid
for making acidulous waters, improperly called so-
da water, 1s obtained. But by what process nature
disengages the vast quantity of this gas, which is
required to charge the Saratogaand Ballston waters
so highly, no one has hitherto suggested even a
plausible conjecture.

" Carbonic acid gas is absorbed by water, and in
that state of combination gives the acid test.

Illustration. Pass some of the gas into a decan-
ter of pure cold water and agitate it, as directed
under simple substances. Pour into a wine glass
of it some of the infusion of red cabbage, and it
will become of a very light red colour. The infu-
sion ought to be greenish when put in, by putting
into it an extremely small quantity of an alkali be-
fore it is used, otherwise the change in colour made
by the acidulous water will hardly be perceived.

Application. This proves the fixed air to be an
acid'gas. The taste of the water also indicates its
acid quality. Carbonated waters, called soda wa-
ters, are prepared upon this principle. The quan-
tity of carbonic acid gas, absorbed by the water,
depends on the coldness of the water, and the force
applied to compress the gas, while in contact with
the water.. The waters sold under the name of so-
da waters, as prepared in most of our towns, con.
tain both sulphurous acid and muriatic acid. Chalk
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is commonly used, which generally contains a lit-
tle muriate of soda. This being decomposed fur-
nishes muriatic acid-; and it is impossible to avoid
a little mixture of sulphurous acid, arising proba-
bly from a slight decomposition of some portion of
the sulphuric acid, used in the process. T cleanse
the gas from these deleterious impurities, Mr.
Meigs, of Albany, prepares his gas and forces it
once through his condenser, containing a- small
quantity of water, before he introduces the water for
use. This small quantity of water readily absorbs
all the muriatic acid and sulphurous acid, and
wastes a little earbonic acid. This being drawn
off and pure water added, the carbonated water is
made very pure. Mr. M’s machinery for perform-
ing this operation, and for increasing the condens-
ing power, is very ingenious ; for the useof which,
1 believe he has secured a patent right.

Carbonated water, containing but about thrice its
bulk of the gas, used with the sirups commonly
employed, makes an excellent table drink in hot
weather. It may be prepared in a private family
as follows : Procure a five or six gallon cask, made
very strong with thick stavesand good iron hoops.’
Fix into a stave near the bottom, a strong tin tube
an inch in diameter, and a little longer than the
cask, in an oblique position, so that the top will be

about as high as the top of the cask. Fix in a-

common brass cock in another stave quite at the
bottom, and another brass cock in the upper head.
Inthe same head fit in strongly and perfectly air
tight, a tunnel with a long nose, having a large
notch or slit on one side of the beak of it. The
.nose must be so long that it will reach from the in-
side of the lower head to about two feet above the'
upper head. Now open the upper cock to let the

|
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air escape, and fill the cask by the tunnel with clean
water, that is not very cold. Next make the gas,
passing it in through the oblique tube, and the wa-
ter will be forced out through the same tube at the
same time ; and the upper end being high, the gas
will be considerably condensed by the pressure.—
After the water is all out, cork up the oblique tube,
pour in, as quickly as possible, cold pure water,
till the cask is one third full. After standing two
or three hours, and being shaken a few times, the
water may be drawn out at the lower cock, and will
be a very pleasant drink.

Instead of a common glass retort, use a strong:
junk bottle, with a strong elbowed tin tube fitted to
it, and fastened on with twine, which will reach in-
to the barrel, through the oblique tube.

Carbonic acid gas is heavier than atmospheric
air, extinguishes flame, and destroys life when
breathed.

Ilustration. Immerse a candle, suspended by
a wire, in a tumbler containing atmospheric air,
and let it be observed that it burns as it did in air
not contained in the tumbler. = Take out the can-
dle and invert a glass cylinder, which is filled with

“carbonic acid gas, in the tumbler. The cylinder

should be smaller than the tumbler, so that its
mouth may enter the mouth of the tumbler ; and -
the mouth of the cylinder must be covered with wet
paste-board, until it is brought directly over the
tumbler. After holding the glass cylinder in this
position about eight or ten seconds, the gas will
have settled down into the tumbler. Now immerse
the candle again, and it will be extinguished. ~The

.gas will remain in the tumbler, and still extinguish
a candle for any length of time if a piece of dry
© K2 )
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paste-board be loosely laid bver it, so as to prevent
its being driven out by the motion of the air. -

Fill a glass cylinder with carbonic acid gas, set
it on the table with the mouth upwards, and put a
live mouse into it., The mouse will appear convuls..
ed fora moment and expire.

Application. This is the gas usually called
choak-damps, by miners. Being heavier than at-
mospheric air, it settles down into wells and caverns,
and often destroys the lives of miners, As it is ab-
sorbed by water, unless it is very rapidly produc-
ed, none will be found to remain in wells which
contain water ; but it is generally found in deep
dry wells, which are dug in very compact earth or
in rocks. In all such cases, a candle should be let
down before the well is entered. But the gas may
be found in wills containing water ; for water will
not generally absorb more than its bulk of the gas
in twenty-four hours, and a larger quantity may
be produced in that time, especially in limestone
‘countries.,

Carbonic acid gas may always be found, in a
greater or less proportion, suspended in the atmos-

phere.

Illustration. Pour limpid lime water from one
tumbler into another, letting it fall about twenty in-
ches, for about a dozen times in succession, and
the lime water will become milKy, which is the test
of the presence of carbonic acid. .

Application. Carbonic acid is found to be ex-
cellent food for plants, when absorbed by fresh
carth, by carbonaceous manure, &c. as before ob-
- derved. Therefore its suspension in the atmos-
‘phere afferds an inexhaustible fund of vegetable nu-
triment.
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Carbonic acid gas is given out by animals at every-
respiration, :

Illustration. Put some limpid lime water into a
wine-glass and breathe in it through a tube extend-
inito the bottom of the glass. After thus exciting
a bubbling in the lime water five or six seconds, 1t
- will become milky.

Application. It was observed under oxygen,
that the pure oxygen was given off from vegetables
by the action of light ; which oxygen is essen-
tial to the health and even to the existence of ani-
mals. Here we perceive, by this experiment, that
animals in return give off carbonic acid, which is
most important to the growth of vegetables. There- .
fore animals and vegetables ought to live near each
other.

Carbon and hydrogen may be united, forming
carburetted hydrogen gas, by decomposing water
with charcoal.

Illustration.  Collect some pieces of charcoal
from an old coalpit bed, or from some other place,
where the coal has been exposed to the weather
several years, and become intimately combined
with water. Dry it, pulverize it, and heat it in a
gun-barrel, as directed in procuring oxygen from
manganese. Collect it in the cistern, and putsome
into a gas-holder and burn it, as directed in burn-
ing hydrogen. It will burn with a blue flame, with-
out giving much light.

Application. As in this case the charcoal de-
composes the water which it held in combination,
and a part of it unites to the hydrogen ; so decay-
ing or putrifying vegetables in swamps, &c. de-
compose water and form the same gas, which is
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nerally called marsh miasmata. It appears too in
the bottom of stagnant ponds, &c. which may be
collected in bubbles by pressing upon the mulchy
sediment.

Carburetted hydrogen gas will explode when in-
flamed with oxygen. :

Illustration. Mix some of the gas in equal vol-
umes in a bell-glass or tumbler. Pour 1t into a
narrow mouthed bottle or decanter. Invert the
bottle under the water of the cistern, holding the
mouth four or five inches below the surface of the
water, resting the side of the bottle against the edge
of a shelf. Having wet a roll of paper in spirits of
turpentine, light it and hold it close to the waterover
a funnel hole in the shelf, and let up the gas in small
bubbles. When the bubbles come in contact with
the blaze of the turpentine taper, they will explode,
exhibiting the cracking of musquetry firing from
under the water.

Agpplication. A similar gas is sometimes gener-
ated in coal mines, which coming in contact with
the oxygen of the air, often explodes when the
workmen go into the pits with candles. But itis
found, that if the candle is enclosed by fine wire
gause, called Davy’s safety lamp, the gas will not
explode. If theinstructor has such a net, the class
will be highly gratified with its exhibition, which
may be easily made in a large glass jar filled with
the mixture of gases just mentioned. See M’Nev-
en’s Brande, p. 142.

Carbor: and hydrogen may be united, forming e
heavy carburetted hydrogen gas, called olifiant gas,
by heating alcohol and sulphuric acid together.

Nlustration. Put a gill of alcehol into a deep tu-
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bulated retort, pour upon it in a small steady stream
about twice as much by measure of strong sulphu.
ric acid. Put in the stopper and apply the candle
to the retort, approaching it gradually. The alco-
bhol at first becomes somewhat charred and turns
black, soon afterwards the gas comes over. Leta
litde of the first escape, which' consists of atmos-
pheric air and ether. Collect the gas over water.
If it contains considerable sulphurous acid it will
generally disappear soon while standing over water;
but lime water will entirely purify it, if necessary.
Mix it with oxygen, and explode it as directed
with the light carburetted hydrogen. Also burn
it pure ina stream, as directed in burning hydrogen
gas, and it will give a very luminous blaze.
_ Fill a glass cylinder half full of this gas, and then
fill the remainder with chlorine gas. Their velume
will be diminished, water will ascend, and its sur-
face will be covered with an oily pellicle,
Application. Both the formation of this gas,
when the alcohol becomes chuarred, and its preduc.
"ing an oil when mixed with chlorine, present a cu-
rious exhibition of changes produced upon vegeta-
ble matter, while passing through different states of
combination.

Carbon and hydrogen will unite, partly asin the
light, and purtly as wn the heavy carburetted hydro-
gen gas, by distilling pit coal unth a red heat. ‘This
. produces the gas used for what is called the gas
lights.

Tllustration. Pulverize some pit coal, common-
ly called sea-coal, and heatitin a gun-barrel, as
directed in using charcoal, and obtain the gas in
the same manner, with the following exceptions.
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Fit a piece of wood in the form of a half cylinder,
so that it wili fill one half of the gun-barrel from
end to end. Set it in an oblique position with the
empty side downwards, and in this position put in
the pulverized coal, so as to fill it about one third of
its length. Now put it into the fire with the same
side downward, and after it is placed in the situa-
tion in which it is to remain, draw out the piece of
wood, leaving the barrel but half filled. When the
heat is raised the coal will swell and fill the barrel,
which it would burst if filled at first. The gas will
soon come over in abundance, and bring over with
it great quantities of mineral tar and bitumen. It
should stand over water several hours to let these
substances subside. If ikis received into the gas-
holders of the cistern, the water must be drawn off,
the cistern washed and filled with clean water, be-
fore it is used for other purposes. The gas may be
exploded with oxygen, and burned in a stream, as
dirccted with light carburetted hydrogen. The
blaze will be less white and luminoys than of the
olifiant gas, and more so than of the carburetted hy
drogen. ,

Application. This is the principle on which the
gas for the gas lights is obtained. But the appara-
tus is so arranged as to obtain it very economical-
ly, and purify it without expense. The mineral
pitch is preserved for useful purposes. In London
seventy-six thousand lights are supported by this
-ig]as with 28 chaldrons of coal per day. See Gor-

am’s Chemistry, p. 407, vol. 1. M’Neven’s
Brande; p. 141. Messrs. Taylors of England, have
lately contrived a method for obtaining a gas for
gas lighte+very economically from every kind of
oil, .

L._—--_..____,._;. B i ——————" il'lll
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BORON.

Boron, combined with oxygen in the state of bo-
racic acid, is united to a base of sodu, forming borax,
Jfrom which it may be obtainedin solid scales by elec-
tive affinity.

Illustration. Dissolve common borax in about
six times its bulk of hot water in a gallipot. Then
pour into it about half its weight of sulphuric acid.
After stirring it on pretty hot couls for five or six
minutes, set it by to cool. A decomposition takes

lace, sulphate of soda is formed which remuins
1n solution, and the boracic acid is disengaged and
appears in solid shining scales. Pour off the liquid
solution of sulphate of soda, and rince the scales
several times in cold water. Every time wait for
them to separate from the water, in which they can
hardly be dissolved. When well washed they are
pearly tasteless. Now dissolve some of the boracic
acid scales in alcohol on an earthen plate and set the
alcohol on fire with a lighted roll of paper, and as it
burns the points and sides of the flame will be
tinged with a beautiful green. .

Application. This experiment exhibits one min-
.eral acid in the solid state when pure. The sult,
which this acid forms in combination with soda, is
much used in bruzing, under the name of borax,
I believe it is always found in Asia.
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NOMENCLATURE

Or MEeTarrLic AND MeTarroip Basks.

When a salt is composed of a base united with
an acid in its highest state of acidification, the name
of the acid ends in ate—if the acid is in the lowest
state of acidification its name ends in ite. As salt-

tre is composed of nitric acid and potash, it is
called nitrate of potash—potash and nitrous acid
would be called nitrite of potash.

Sometimes the state of the oxydation of the base
is expressed by prefixing its degree to the name of
the acid. As copperas is sulphuric acid combined
with the protoxyd of iron, it would be proto-sul-
phate of iron. As blue vitriol js sulphuric acid
combined with the deutoxyd of copper, it would be
deuto-sulphate of copper.

. When an acidifiable substance is united to a base

without being acidified, it ends in uret. As sul-
phur and iron melted together form sulphuret of
won—sulphur and potash, sulphuret of potash.
‘When the compounds are both acidifiable substan.
ces not metallic or in the state of gas, uretted is
generally the termination. As phosphuretted hy-
drogen gas, sulphuretted hydrogen gas, carburetted
hydrogen gas.

When two or more metals are combined, they are
called alloys ; unless one of the metals is mercury,
when the mixture is called an emalgam. Whena
metal is combined with any substar-ce, excepting
another metal, it is said to be mineralized with it
This, however, is a term appertaining rather to min-
erology than to chemistry.




¢ 121 )

CLASS 1V, METALLOIDS.

SectioN .- ALKALIES AND ALKALINE
EarTHS.

Remark. It is now established, that these alka-
lies consist of peculiar bases, united to oxygen.
These bases have some properties in common with
metals ; but they differ so -widely in other proper-
ties, particularly in their specific gravity, that they
are denominated metalloids by Brande and some
others. The oxygen may be separated from the
bases by a very powerful galvanic battery, and some
of them by other means. And though such ex-
periments are brilliant and very amusing, they have
no practical application to the Eurposes of life.
They-would be introduced here, however, as well
calculated to illustrate principle, were they not
attended with too much difficuity and expense for
the course proposed in this work. See Gorham’s
Chemistry and M’Neven’s Brande.

PorasH.

Potash may be obtained tolerably pure by abstract-
ing the carbonic acid from pearlash by the aid of
quick lime. '

Illustration. Dissolve pearlash in about twice
its weight of boiling water. Mix this with about
as much newly slacked quick lime. Let this stand
abouta week corked closely in a bottle, occasional-
ly shaking the mixture. At last let the lime settle
to the bottom, and carefully pour off the superna-

L
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tent liquid, which is the pure caustic potash in so-
lution. Butif it be wanted for immediate use, boil
the mixture about an hour in an iron kettle, adding
water enough to keep it in the state of a cream-like
liquid, and the decomposition will be effected. If
the potash is wanted in a crystallized state, evapor-
ate the liquid very slowly, just keeping the steam
rising from it, and obtain the crystals as directed in
the introduction.

Application. Pearlash, the sub-carbonate of pot-
ash, is made while a high heat is applied. Conse-
quently vegetable impurities and most substances
contained in common potash are driven out. Now
the carbonic acid being withdrawn also, the potash
is left nearly pure and severely caustic.

Potash has a strong affinity for all acids, and
Jorms with them neutral salts.

Illustration. Dissolve a small quantity of com-
mon potash in a wine glass of water. Prepare an-
other wine glass of very diluted sulphuric acid.
Pour into a third glass a little of the infusion of red
cabbage. Now drop into the infusion a few drops
of the potash, and it will become green, which is the
alkaline test. Next, drop diluted sulphuric acid ia-
to it very cautiously, and it will become colourless ;
which proves that the acid and potash have combin-
ed chemically and formed the neutral salt, sulphate
of potash, Add another drop of the acid, and it
will become red ; which proves that the acid is in
excess. That is, the potash had taken up its de-
finite proportion of the acid, before the last drop
was added, and could receive no more ; conse-
quently the last drop of acid, being free, gives the
red colour, whichis the acid test. Now more pot-
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ash may be added, precisely sufficient to take up
the excess of acid, and it will again become colour-
less.. Add a little more and it will become green.
Thus it may be changed from red to green and back
to red as often as the acid and alkali are alternate-
ly added in excess. Great care is required in mak-
ing the salt perfectly neutral, so as to make the so-
lution colourless.

N. B. This experiment may be performed with
all acids and alkalies, of course the directions will
not be repeated. '

Application. 'When clothes are spotted with
acids, if a solution of pearlash be made and the spots
be wet with it immediately, before the texture is
injured, the spots will disappear by the neutraliza-
tion of the acid, and the clothes will not be injured.
Caustic potash would injure the cloth ; but pearl-
ash, being a sub-carbonate, is more mild, and will
effect the object.

Potash has a strong affinity jfor al animal mat-

ter.

Illustration. Melt a little common potash in an
iron ladle, then put into it small bits of fresh meat
and woollen rags and boii them a short time, The
rags and meat will be dissolved and soap will be
formed.

Application.  On this principle soap is made by
boiling any animal substance with ley, which is a so-
lution of potash. It requires very strong ley, or
rather melted potash to convert rags and some oth-

" er animal substances into soap, As potash readily

becomes diliquescent, as shewn under simple sub-
stances, soap 1s always soft or in the_state of an im-
perfect liquid when potash is used.
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Potash will unite directly with sulphur, and form
sulphuret of potash.

Illustration. Take some dry pearlash and half as
much sulphur, mix them and rub them well to-
gether.  Melt them together in a crucible covered
with another crucible, as directed in making sul-
phuret of iron, excepting that it must be poured out
when melted. It must alsp be corked up in a vial
to prevent its diliquescing.

Application.  Sulphuretted hydrogen gas may be
made with this, as with the sulphuret of iron. Itis
also used in medicine, and was called liver of sul-
phur or hepas sulphuris.

Potash may be combined with nitrie acid, and
Jorm nitrate of potash, called saltpetre.

Illustration. Fill a tumbler half full of diluted
nitric acid, consisting of one part of nitric acid to
six parts of water. Drop in pearlash, a litle ata
time, until it ceases to effervesce. This will be the
nitrate of potash in solution. Now if it is wanted

in the state of crystals, evaporate it as heretofore

directed.

Application.  Saltpetre is found in abundance in
nature, combined with a little common salt ; there-
fore it is never made in this way, excepting by way
of experiment,

Nitrate of patdsh may be reduced to the nitrite
of potash by heating it. ‘

Illustration. Put two or three ounces of salt-
petre in a gun-barrel, and put it into the fire. It
will melt and boil rapidly ata low red heat. Oxy-
gen gas will come over in eonsiderable quantities.

RPN T e
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After oxygen ceases to come over, pour out the
contents of .the barrel, which will be nitrite of pot-
ash. . x '

Application.  This is -the easiest method of col-
lecting oxygen ; but it is not quite so pure as that
which is collected from oxyd of manganese and red
lead. ,

. Potash may be combined with chlorine, or oxy-
muriatic acid, and form the oxymuriate of potash.

Illustration. Fill a two quart bladder with chlo-
_ rine, or oxymuriatic acid gas. Fit to the stop-
cock of the bladder a small glass tube. Dissolve
about an ounce of pearlash in a pint of water, and
put it into a receiver. Immerse the end of the
tube in the solution, and close the tubulature where
itenters, with beeswax, Lay alight weight upon
the bladder, which will press it gently, and turn the
stop soasto let outa very minute stream of the gas,
so small that -the whole shall not run out in less
time than an hour or two. Let the receiver be al-
most air-tight, leaving only a hole a little larger than
a pin in the wax by the side of the tube, where it
enters the receiver, for the carbonic acid to escape,
which will be driven from its connexion with the
gearlash. After the gas is all pressed out of the
ladder, draw out the tube, close up the receiver,
and place it in a cool dark cellar. After a day or
two, crystals of oxymuriate of potash will be found
deposited in the bottom of the receiver. Pour off
the liquid, scrape out the crystals and drain them.
They must then be dissolved in considerable hot
water.  Set it away to cool, and the crystals will be
formed again, which may be drained, dried, and
put up in a vial for use.
Lg
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Application. ‘This preparation will explain much
of the doctrine of affinity, &c. to the operator ; but
so little of it can be performed while his class is
present, that it is preferable to purchase this salt of
those who manufacture it in the large way in
Woulf’s apparatus.

Oxymuriate of potash will communicate oxygen
to some combustible substances by compression, suf-
Jicient to inflame them and to produce explosions. -

Illustration. Scatter some thin shavings of phos- -
phorus over the bottom of a broad iron mortar.—
Sprinkle crystals of oxymuriate of potash among
them. Now, putting a leathern glove upon the
hand, rub the iron pestle smartly around among the
shavings of phosphorus, and a succession of explo-
sions will be made, resembling the irregular dis.
charges of militia musquetry. '

Application. These explosions are caused by
the sudden conversion of two solids into the state
of gas. Oxygen is combined in the salt in the sol-
id state. Phosphorus is also a solid. By being
closely compressed, they instantly become phos-
phorus acid gas.

- To the same principle all explosive powders owe
their powers. Gunpowder is essentially composed
of about 75 per cent of nitrate of potash, 15 per
cent of charcoal, and 10 per cent "of sulphur.—
"These substances are finely pulverized separately,
and then intimately mixed. The nitric acid of the
nitrate of potash, on being inflamed, parts with so
much of its oxygen as to be reduced to nitric oxyd
gas, and part of it to nitrogen gas. In deing this,
oxygen is furnished to the charcoal sufficient to
convert it into carbonic acid gas, and to the sulphur
'to conwert it into sulphurousacid gas. These solid
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constituents of gunpowder, springing suddenly into
the state of these four gases, expand their volume
to siich a vast extent, as to produce a-violent con.
cussion upon the atmosphere, and toimpel a leaden
ball, or other opposing body, with great velocity.

The same principle may be further illustrated by
finely pulverizing and rubbing well together three
parts of dried saltpetre, two of well dried pearlash,
and one of sulphur, Melt. the mixture in an iron
ladle, with a degree of heat a little below the red
heat of iron ; and immediately after melting, the
mixture will explode with violence. Here the
three solid substances spring into several gases on
the same principle, as before explained.

Sopa.

Remark. Soda has many properties in common
with potash. It gives the alkaline test, is obtained
pure in the same manner, unites with acids,” animal
matter, &c, But its affinity for the acids is more
feeble, and it does not diliquesce by attracting va-
pours from the atmosphere. Combined with oils it
forms hard soap, whereas putash always forms soft
_50ap.

Soda may be combined with muriatic acid, and
Jorm common table salt, muriate of soda.

Illustration. Put muriatic acid in a tumbler,
diluted with about six times its measure of water.
Drop in carbonate of soda till effervescence ceases.
Proceed in all respects as directed in making salt-
petre. Pass some of the solution among the class,
and they will recognize the table salt. -

Application. This salt is found so abundant in-
nature, that it is never produced in this way, ex-
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cepting for the purpose of shewing its constituents.
The ocean abounds in it, the western salt springs,
the mines of Poland, &c.

Common salt may " e decomposed conveniently by
potash, so as to afford soda to combine with oil, or
Jor other uses.

Illustration. Make a strong solution of common
potash, and heat it in- a skillet. Put in about as
much common salt by weight, as of the potash.—
. Soon after the salt has melted, put in about the same

weight of tallow, or other oily substance. Let this
mixture boil until it assumes a considerable consis-
tence on the top. Now pour it upon a wide board,
let it drain off at the edges and remain to dry, and it
will become hard soap. In this experiment, the
muriatic acid of the salt elects the potash, and the
soda is left free. In that state, the soda unites with
the tallow and forms hard soap, leaving the muriate
of potash in a state of solution to drain off, or pour
away.

Application. On this principle soap beilers
make the common hard soap. The liquid muriate
of potash they call waste.ley or dead-ley. The fine
hard soap is made directly from the barilla or kelp,
which is a rough sub-carbonate of soda made from
the leached ashes of sea-weeds.

Soda may be combined with sulphuric acid and
Jorm Glauber’s salts, sulphate of soda.

Illustration. Put some sulphuric acid into a
tumbler, diluted with six times as much water.
Drop in carbonate of soda, until effervescence ceas-
es. * Now pass some of the liquid in wine glasses
and the members of the class will recognize the
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nauseous. taste of Glauber’s salts. It may be
crystallized by slow evaporation in the usual way.

Application. This salt is produced for the shops
at the manufactories of muriatic acid. For the sul-
phuric acid which is poured upon common salt to
disengage the muriatic acid, combines with the so-
da of the salt, and forms sulphate of soda. After
purifying it is sold to the druggists.

AMMONIA.

Remark. This substance is one of the com-
pounds under Nitrogen. But it was referred to this
place for a description of its properties, on account
of its near relation to the fixed alkalies. This is
usually called the volatile alkali,

Ammonia is obtained in the state of gas from sal
ammoniac by elective affinity. '

Illustration. Pulverize a table spoonful of sal
ammoniac, (muriate of ammonia) and put the dry
powderinto a half pint retort. Put in with it about
twice as much fine quicklime. Now mix them well
by shaking the retort. Having luted on a pipe-bowl,
with half an inch of the stem, upon the beak of the
retort, as directed in obtaining muriatic acid gas
and for the same reason; now immerse the beak in
the mercurial trough, and apply the heat of a candle .
to the retort. The ammoniacal gas will immedi-
ately come over. Let it escape a little while, that
the atmospheric air may be driven out. Now col-
lect it as directed in collecting muriatic acid gas.

Application. Hartshorn vials may be prepared
upon this principle. Put pulverized sal ammoniac
and quicklime into a vial and cork it closely.—
‘Whenever the scent of the ammonia is wanted, shake
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the mixture before pulling out the cork. - The same
effect will be produced by rubbing dry quicklime
upon the surface of a picce of sal ammoniac, and ap-
plving it to the nose. In all these experiments, the
muriatic acid of the muriate of ammonia elects the
lime, and the ammonia is discharged ; and ammo-
nia when pure is in the state of gas.

Ammenia extinguishes flame after a momentary
enlargement of it, and destroys life when breathed.

Tllustration. Immerse a short piece of a burning
candle in a small cylindric glass of the gas. The
blaze will be enlarged a litile for an instant and then
be extinguished. Put a mouse into it and it will
soon expire,

Application. Though the action of this gas, by
stimulating the olfactory nerves, revives a fainting
_patient; yet it will destroy life if respired several
" times. If oxymuriatic acid is inhaled by accident,
let some ammoniacal gas be instantly inhaled after
it, and it will correct its destructive effects. The
two gases probably form an imperfect oxymuriate
of ammonia in the lungs. That this effect is pro-
duced I had an opportunity to demonstrate by most
painful experience, while giving a course of lec-
tures in the capitol, before the New-York state le-
gislature.

Ammonia in the state of gas, will unite with mu-
riatic acid gas, and with car%onic acidgas ; and with
the former produce the solid muriate, and with the
latter the solid carbonate of ammonia.

Tllustration.  Fill two small glass cylinders half
full of ammoniacal gas over mercury. Pass muri-
atic acid gas into one from a vial which is small
enough to turn under the cylinder, and carboni¢
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acid gas into the other. Both cylinders will be lined
with thin layers of salt, and the mercury will ascend
to fill the vacancy. On passing the cylinders
amiong the class with tasting rods, they will recognize
the sal ammaniac (muriate of ammonia) in one, and
the salts of hartshorn (carbonate of ammonia) in the
other. Lest some of the class should not recollect
the taste of these salts, it will be best to pass around
specimens of each with the cylinders.

Application. These salts are not manufactured
in this manner for the shops. The muriate of am-
monia is produced in nature. The carbonate of
ammonia 15 manufactured by heating chalk, (car-
bonate of lime) and muriate of ammonia together.
A double decomposition takes place ; carbonate of °
ammonia and muriate of lime are formed.

The experiments described in this illustration ex-
hibit the reduction of gases to the solid state as clear-
_ ly as any experiment of the laboratory.

- Ammonia may be combined with nitric acid, and
nitrate of ammonia be formed.

Illustration. Put nitric acid into a tumbler di-
luted with about six times as much water. Drop
into it coarsely pulverized carbonate of ammonia
until effervescence ceases; or until picces of the
carbonate will fall to the bottom without efferves-
cence. A solution of nitrate of ammonia will then
be formed. If it be required in crystals, evaporate
it slowly, until a drop spread on cold glass is in-
stautly crystalized. ‘Then set it by to cool, and
crystals will form on the top. Pour out the liquid
part and evaporate- it more, and so on as betore
directed.  If the dry salt is required, evapo-
raw it with a degree of heat a little below boiling,
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until the salt is dry, without removing it from the
fire. -
Application. This salt is chiefly employed for
the purpose of i)rocuring the nitrous oxyd or exhi.
lerating gas. It is much the best for that use, to
dry the salt down without crystalizing. Or if it
is first made in crystals, it ought to be melted and
dried down in open plates, before it is used. But
if it is dried with a degree of heat as high as the
boiling point, considerable of the salt will be lost.

Ammonia is strougly absorbed by water, forming
the hquid ammonia.

Illustration. Pour from a vial a little cold water
under a glass cylinder of ammoniacal gas standing
over mercury. It will rapidly absorb the gas, and
the mercury will ascend to fill the vacancy. -

Put newly slacked lime into a tubulated retort
which had been previously luted into a recciver and
set it in a suitable lead pot. Putin about two-thirds
as much pulverized muriate of ammonia. Now
put in water, about six times the weight (call a pint
a pound) of the muriate of ammonia. The muri-
atic acid will elect the lime as before observed, and
the ammonia will be discharged ; but it will im-.
mediately be arrested by the water, forming the
liquid ammonia, culled also spirits of hartshorn and
aqua ammonia. But being combined with the
newly formed muriate of lime and some lime water,
it must be distilled over. Raise the heat moderately
by applying the hand bellows to the coals in the lead
pot ; at the same time surround the receiver with
snow or cold water. Continue the process until
the liquid, condensed in the receiver, is equal in
measure to about one third of the water put in,




AMMONIA, 183

Application. The first experiment proves, that
-as water absorbs ammonia, which is the basis of
many impure gasses that arise from putrid substan-
ces, falling rains cleanse the atmosphere by carry-
ing such impure eflluvia to the earth, where they
serve to nourish vegetation. The last experiment
is an exhibition of the method of preparing the
aqua ammoniae of the shops. '

Liquid ammonia will unite with sulphuretted hy-
drogen gas, and form the hydro-sulphuret of am-

mona. .

Illustration. Leét a stream of sulphuretted hy.
drogen gas pass into a vial of liquid ammonia. The -
- best method is to put the ammonia into a broad-
mouthed vial, filling it about half full. Turn the
- vial in an oblique position and extend the beak of
the retort to the bottom of it. Wet tow may be
wound about the negk of the retort where it enters
the mouth of the vial to prevent the escape of the
gas ; or if a little does escape it is immaterial, for
the class ought to become sufficiently acquainted
with this gas to be able to detect it by the smell.
Now pour some of the liquid into a solution of cop-<

ras and another of blue vitriol. ‘ ‘

Application. This is the most universal test for
the metals known to chemists. It precipitates all
metallic solutions with such different colours, when
applied as a test, that, with collateral tests, almost
any metal may be detected. For many metals it is
a perfect test.

Remark. All the other alkalies will form hydros
sulphurets also. But ammonia forms the most de-
licate test and is generally used.

M
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Remarks. Lime is very abundant, It forms

the basis of all lime rocks which are combined with
carbonic acid, whether primitive, transition or sey
condary ; from those which receive a polish, called
marble, to the roaghest of the common lime stone.
It is the basis of chalk, coral rocks and shells. Com-
bined with sulphuric acid, it forrs the vast plaster
beds of Nova Seatia and our western districts.
Combined with phosphoric acid, it forms the bongs
of animals. ' ..
* 'When carbonate of lime is heated about as high
as the white heat of iran, the carbonic acid is con-
verted into a gas and passes off. This process is
conducted in large kilns, where quickiime is manu-
factured. '

Pure lime has a strong affinity for water, with
which it will combine chemically and form a liguid
solution of lime, called lime-water.

Ilustration. Put a wine glass full of newly slack-
* ed lime into a quart tumbler, and fill it with water.
After stitring it about a minute, let it stand fifteen
or twenty minutes to settle. Now pour off the
¢olourless liquid into a arge vial for use.
" Paur some of the lime water into a wine glass
and test it by a few drops of the infusion of red
cabbage. It will beeome green, which is the alka-
line test; proving that the water, though limpid, is
chemically combined with lime.

Application. The strong affinity of quicklime
for water renders it an excellent drying material.
An enclosed portion of atmospheric air or of any
other gas may be dried by standing over unslacked
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lime. €ol. Gibbs greatly improved the strength
of gun.powder by mixing it with quicklime and
thereby effectually drying it. Vid. Amer. Jour,
Science, vol. 1, p. 87. : ‘

- Lime water . strongly absorbs sulphuretted hy-
drogen gas, and forms the hydro-salphuret of lime.

Illustration. Pass sulphuretted hydrogen gas -
into lime water, as directed with ammonia, and the
hydrosulphuret will be formed. = . -

Application. This forms a good test for metals,
"but not so delicate as the hydrosulphuret of ammo-
nia. This experiment shewing the affinity of lime
for sulphuretted hydrogen gas, demonstrates its util-
ity in cleansing putrid sinks, &c. For sulphuretted

"hydrogen being the essential part of most of the
nauceous effluvia, if absorbed by lime the most
disagreeable nuisance will be removed. For the
same reason lime-water is useful in cleansing of-
fensive ulcers, &c. ‘

Lime will combine with carbonic acid, and form
carbonate of lime. :

Illustration. Set a tumbler of carbonic acid gas
on the table, covered with a piece of pasteboard.
After filling a low small glass cup with limpid lime.
water, remove the pasteboard and let it down into
the tumbler. Now stir it two or three minutes
with a rod, and it will absorh so much carbonic
acid that part of the lime will be carbonated, and
become milky. Now take out the cup and set it
by a few minutes to settle. On carefully pouring
off the liquid, fine carbonate of lime, which may
properly be called fine chalk,will beleft. This may
be tested by its effervescing on pouring upon it a
litle diluted sulphuric acid,
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Application. Thus we see from this experiment,
that carbonic acid may be driven from limestone
by heat, rendering it pure quicklime ; and it may
be absorbed from the atmosphere, re-united and
form the carbonate again. Thus lime mortar in
walls becomes solid like marble, on exposure to air.
On this principle a bowl of lime-water set in a room
and occasionally agitated, would absorb the carbon-
Jic acid gas when a large quantity had been produc-
ed by the breaths of a crowd.

Carbonate of lime is dissolved in carbonated water,
and will be deposited when the sarbonic acid is ab-
stracted. S :

Illastration. Charge a gill of cold water with
.carbonic acid in a florence flask, and drop in as
much fine pulverized marble as will lie on the point
of a penknife, perhaps a quarter of a grain. Shake
it up a-few times and the marble will totally disap-
pear, being: all dissolved and chemically combined
with the water. Now set.the flusk -into the lead

ot, and boil the water four or five minutes. Tauke
1t out, wipe it clean and set it by to cool. After it
is cool the fine marble wil} appear again in the bot-
tom of theflask. For the carbonic acid being driv-
en out of the water by heat, the carbonate of lime
is deposited. )

Application., This experiment explains the.
manner in which the calcareous tufa, called the
high rock, at Saratoga is formed, and numerous
other similar deposites. The_ carbonate of lime is
brought along chemically combined with the car-
bonated water, until it comes out to be exposed to
the atmosphere. Then a part of the carbonic acid
escapes, and a part of the lime is deposited. Pro_
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bably the numerqus deposites of this.mineral were
made by carbonated waters which have ceased to
flow for ages. The most remarkable locality with.
in 'my knowledge is that throngh which the canal is
dug, a few miles east of the Onondaga-Salt Springs.

. Lime has a strong affinity for oily .?\'z‘tb_a'tgmcés.

Illustration. Pour olive oil into a wine glass of
lime water, and a white liquid soap.will be forined,
by the union of the oil and lime. C e

Application. Lime is used in connexion with pot«
ash, &c. by the soap-boilers. It absorbs oils fecz
bly in the state of a carbonate. Thie leaves of a book
are often spotted with candle grease, lamp oil, &e¢.
These spots may be totally removed by finely pul-
verized chalk or marble. Let the leaf of a book be
placed between two pieces of white paper, with
pulverized chalk interposed on both sides of the
spot. Then set a common smoothing iron upon it,
sufficiently heated to mek the grease.. As soon as
it is melted, the chalk will absorb it, :

Lime, when mixed with silex or alumine, renders.
the mixture very fusible.

-Illustration. - Put a little potter’s clay.into a cru-
cible, and heat in the forge as high as the white .
heat of iron. Now pour it out upon a brick on the
tablg, and the class will see that it is not melted.—.
Mix some of the same kind of clay intimately with
about an equal quantity.of pulverized marble or
chalk, and heat it again as hot as before. Pour it
out, and the whole mass will spread upon the brick:
1n the state of melted cinder." .

Application. On this principle potters reject alk
¢lay which contains lime. About Rlbany, and ath.
‘ M2 .
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er places along the banks of the Hudson, thereis
an abundance of the finest clay; but it contains
about fifieen per cent-of carbonate of lime. This
would be su&ient‘to cause 2 kiln of potter’s ware
to melt, and of course cannot be used. The car~
bonate of lime can always be detected by pouring

“en‘a few drops of diluted muriatic acid. Eyer so

small a proportion of the lime will cause an effer-
‘vescence, and prove the mass to be clay-marl, un-
fit for pottery. ' 4 :

Lime will combine with 'muriatic acid, and form:
muriate of lime ; which salt in solution will change
2o solid gypsum on adding sulphuric acid,

Illustration. Pour diluted muriatic acid into-a
tumbler, consisting of about six times as much
water as acid. Drop in pulverized chalk or mar-
ble until effervescence ceases, and muriate of lime
in solution will be formed ; but it will be too di-’
lute, . Evaporate it down -to about half the meas-
ure. Now pourout haifa wine glass of it, and pour
into it sulphuric acid; solid gypsum, sulphate ofry
lime, will be instantlyformed. ' '

- Application. Most of the hard waters, as they
are calléd, contain muriate of lime, in solution.+—
From this experiment it appears, that muriate of
lime may be decomposed, and other salts of lime
formed, which are insoluble. Such salts udhere to
the Bottoms and sides of vessels, as tea-kettles, &c.’

 Lime will combine with 6;cymurz'atic acid, and
Jorm the oxymuriate of lime.
Illustration. Let a stream of oxymuriatic acid

pass iiite water, in which finely pulverized and re-
cently slacked lime is suspended by continual agit-
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ation. In the large way, adry powder of newly
slacked lime is spread upon the floor of a leaden
chamber, and the gas passed into the chani.
ber; which is absorbed by the lime. Others,
however, prefer passing the gas into hogsheads of
water, in which the lime is suspended by agitation.
For an experiment, it may be pressed from a blad-
der, as directed in making oxymuriate of - potash.
But the bladder may be held in the hands and the
receiver shaken continually. ‘ o
Application. This is the bleaching salt, now
used at the great factories. The manner of apply-
ing the salt 1s described in treatises on bleaching.
It would be too long an article to introduce here.

" BARYTES.

Remark., Barytes possesses many properties in
common with lime. Itis found in the United States
in the state of a sulphate, in considerable quantities,
The most extensive locality perhaps yet discovered
in the world, is that in Carlisle, Schoharie county,
New-York. This is a fibrous varity, but .differs
widely in its external characters from the fibrous
varieties from Europe, - It is called Schoharite,
from its local situation, being near the western bank
of the Schoharie kill. This variety is an excellent.
flux for brazing, &c. Perhaps every variety is
equally good; but this has been proved to be so by
abundant trials. All the salts of barytes, except.
ing the sulphate, are most deadly poisons.

Carbonate of barytes may be obtained Jrom the
native sulphate, by exchanging acids with pearlash,
the sub-cqrbonate of pptasE -

Illustration.  Put into a gallipot, or florence flask,
pulverized sulpbate of barytes with about three
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times as much pearlash, and apply heat sufficient
first to melt the pearlash and then to boil the mix-
ture for about three hours. Water may-be added
from time to time. Now put in considerable wa-
ter so as to make a very diluted solution. Let it
stand awhile, and the carbonate of barytes, which is
produced by this double decomposition, will settle
to the bottom, and the sulphate of potash - will re-
main in solution. Pour off” the liquid and put in
water again, and thus wash it two or three times,
and it will be ready for use. .

Application. Having obtained carbonate of ba-
‘Tytes, it is in a situation to be readily brought into
any other state. As it has a stronger afhnity for
pitric, muriatic or sulphuric acid, than it has for
the carbonic, either of those salts may be formed
in the common way. Or if it be kept at a white
heat in a crucible about half an hour, the pure ba-
rytes will be obtained. This will combine with
water like lime, and form the barytic water, an‘ex-
cellent test.

Barytes will combine with muriatic or nitric acid,

and form a test for the presence of sulphuric acid.

Illustration. Put muriatic or nitric acid into a
tumbler diluted with about six times as much wa-
ter. Drop in the carbonate of barytes, until effer-
veseence ceases.

Application. This forms a perfect test for sul-
phuric acid in any state of combination. But it is
a most deadly poison. ' '

STRONTIAN.

Remark. Strontian has lately been found by
Professor Douglass and W. A, Bird, in great
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‘abundance onan island in Lake Erie, in the state of
a sulphate. Its carbonate and other salts may be
obtained as directed for the barytes. It is not poi-
sonous.

The salts of strontian may be di;ting:uisbed JSrom
those of barytes by the color of its flame when burn-
ed with alcohol. : -

Illustration, Dissolve a little of the muriate or
nitrate of barytes and strontian in separate portion
of alcohol. Drop alittle of each into the burning
wicks of separate-candles. The barytic salt will
burn with a yellow, the strontitic with deep red
flame. The solutions may be held in the blaze in
.;;ilver tea-spoons, and they will burn more elegant.
d Application.. These two heavy minerals greatly
resemble each other. They are both used for tests,
and probably may both be useful as fluxes. They
‘will both combine with sulphuretted hydrogen,
forming hydro-sulphurets; and by heating with

- sulphur, form sulphurets like all othey alkalies.

MAaGNESsIA.

Remarks. Magnesia forms one of the constitu:
ents of the soapstone or talcose rocks, of asbestos,
and some- other minerals. It is found puse, or
merely combined with water, in connexion with
soapstone and serpentine rocks at Hoboken; oppo-
site to New-York. Itis found in the state of a
carbonate in the same range of soapstone or talcose
rock on Staten.Island. It is found in the state of
of an efflorescent sulphate, (called Epsom salts) in
great quantitiessix miles north of Troy, on the east
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bank of the Hudson ; dlso in the same situation at
Coeymans, on the west side of the Hudson. Near
the latter place is a spring highly charged with it.
But magnesia is generally obtained from sea-water,
after it is separated from the common salt. It exists
in the state of a- muriate and sulphate in sea-water,
from which it is obtainéd by mixing withit a solu-
tion of common pearlash. A double decomposition
takes place ; and while the sulphate of potash re-
mains 1n solution, the carbonate of magnesia falls
down. The carbonate of magnesia, thus obtained,
is the white magnesia of the shops. ‘

 The carbonic acid may be driven from its connex-
ton with the magnesia of the shops by caloric.

Hlustration, Drop diluted sulphuric acid upot
carbonate of magnesia of the shops and it will ef-
fervesce; that is a bubbling will be caused by the
escape of carbonic acid in the state of gas. Puta
little of the same carbonate of magnesia into a cru-
cible and keep it about the white heat of iron fifteen
minutes. Noy, after it cools drop on it diluted sul-
‘phuric acid and it will not effervesce, because the
carbonic.acid is driven out. If a little of it be dis-
solved with water it will give the alkaline test with
red cabbage much stronger than before heating:.

Application. This is called the calcined magne-

“#ia ; and is considered as a more efficient remedy in
some diseases than the carbonate.

Magnesia will combine with sulphuric acid and
Jorm the Epsom salts. :
Illustration.  Put sulphuric acid into a tumbler,

diluted with about six times as much water. Drop
in carbonate of magnesia until effervescence ceases.
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~ 'This will form Epsom salts in solution. Pass some
of it around and the class will recognize the bittep
taste of the Epsom salts. . .
Application. This saltis so abundant in nature,
that it is never prepared in this way, excepting by
way of experiment, or when a practising physician

happens to be in want of this article of materia me.

dica.

SecrroNn 2. EARTHS WHICH ARE NOT AL-
- KALINE, -

Remarks. Itis conjectured from analogy, that
these earths consist of peculiar bases united to ox-
ygen. These imaginary bases may be -called me-
tﬁfc?ids also. Some chemists, however, have placed
silex among acidifiable substances not metallic, and
denominate it silicon. Gorham has followed that
arrangement, but Brande has not. ,

Si1LEX.

Stlex may be obtained pure from: its earthy com-
pounds, by combining it with an alkali and then se-
parating the alkali with an acid.

Illustration. Heat a gun-flint red hot and throw
it into cold water in order to render it brittle. Pul-
verize it very fine and mix the powder with about
five times its bulk of pearlash, melt the mixture and
keep it in the state of fusion fifteen minutes. Now
dissolve it in two or three times its bulk of water.
Pour in diluted sulphuric acid, a little at a time, as
long as it continues to cause a precipitation. After
it stands a little while to settle, pour off the liquid
part, and wash or rinse the precipitate in hot water

N
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geveral times.until the water poured off is tasteless,
This powder is pure silex. :
Application. This substance is the basis, or ra-
ther the principal ingredient in gun-flints, rock crys-
tal, carnelion, &c. It forms much the largest pro-
portion of soils and rocks. It is soluble n fluoric
“acid, as shewn under fluorine, but in no other-acid.
~ Heat rock crystalred hot and plunge it into water,
and then pulverize it, and it will be almost pure si-
lex 3 for crystallized quartz consists almost entirely
of pure silex and the water of crystallization.
rom the experiment described under this illus-
tration it appears, that silex isreadily dissolved when
heated with potash. On this principle glass is ma-
nufactured. -A due proportion of potashand quartz-
ose sand are heated together and fused into liquid -
glass., This substance is then blown, while it ad-
heres to the end of a tube, iifto the various forms
required. ) :

Glass sometimes contains the oxyd of a metal,
which may be tarnished by hydro-sulphuret of am-
monia. ) . ) '

-

Ilustration. - Pour some hydro-sulphuret of am-
monia into any vessel of flint glass, (which always
contains red lead) and it will become dark colour-
ed or cloudy within. At the same time pour some
into a vessel of crownclass, bottle glass, or on com-
mon window glass, and it will not be tarnished.

Application. False gems made in imitation of
true ones are always coloured with the oxyd of a
metal.  Oxyd of cobalt colours a glass gem smalt
blue—black oyxd of manganese, violet—oxyd of
chrome, emerald green, &c. If any such imitation
gem be put into the hydrosulphuret of ammonia it
will soon become tarnished,
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- The most convenient method for detecting fraugs, -
of artists, practised with false gems, 13 the follow-.
ing : Let gems be divided into four classes, accord-
ing to their hardness. 1. Diamonds. 2. The
sapphire class. " 3. The rock crystal class. 4.
Glass imitation gems. When a gem is to be ex-
amined, look out a smooth face upon it with a mag-.
nifying glass. Apply to that face a point or angle
of a quartz crystal and attempt to scratch it. Ifany
scratch is-made, attempt to scratch the quartz with
the gem. IF the quartz cannot be scratched by it,
it is glass ; if it can, itisquartz. Minerals of equal
hardness will scratch each other ; therefore quartz.
- will scratch quartz, &e. If it eannot be scratched
with a quartz erystal, it may be considered as be-
longing either to the sapphire or to the diamond
class. In this class are incladed oriental ruby, ori-
ental amathyst, oriental topaz, corundums, emery,
&c. Selecta la%e smooth grain of unground em-.
ery, and apply it to a face of the gem as bcfore di-
rected. If 1t can be scratched with emery, but with
great difficulty and not by the: quartz crystal, it
may -be considered as belonging to the sapphire
class. But if it cannot posgibly be scratched with
emery, after the most carefuPtrials with severe pres..
sure, it is adiamond., ' :

[y

Common window glass is perviess to solar calors
ic ; but nearly impervious g terrestrial caloric.

Ilustration. Hold a pane of glass between the
face and the sun, and remove it alternately several
times, no difference can be perceived in the heat of
the rays. Now hold it between thd fice and a hot
iron or a large fire, and it will defend the face most

‘N
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effectually, until the glass becomes heated, and
thereby becomes like other conducters of caloric.
Application. Persons setting in a room in-the
evening, who are pleased with the light of the cheer-
ful fire,- but wish to defend their heads and faces
from the heat, may do this most effectually with
glass screens. 4 : ;
: ‘ ALUMINE.

The alum of commerce. consists of alumine com-

bined with sulphuric acid, and a little potash ; from
this salt the atumine may be precipitated by ammo-
nia. : :
Illustration. Dissolve common alum in water.
Pour into it liquid agnmonia as long as the precipi-
tatiun goes on, and add a little afterwards. . Now
pour off the liquid, and wash this precipitate sever-
al times in water. This will be thg pure, or nearly
pure, alumine. B L
- Application, This " is the basis of clay. Pure
alumine was never discovered native until my pu-
pil, Dr. Ebenezer Emmons, discovered it in the
summer of 1819, in an iron mine in the town of -
Richmond, Mass, I¢:consists of pure alumine,
combined with water.-"Prof. Dewey, who first an-
alyzed it, called it hydrate of alumine, which nearly
resembles the wavelite, though it is ggsentially dif-
ferent. Dr. Torrey calls it Gjbbsite, in honor of a
well known and highly distingnished character.

* Alumine, mixed with silex, forms the chief part
of soils.; which mixture, when megetened with wa-
ter, will absorb ammowia, carbonic acid gas, carbu.
retted hydrogen gas, and all other gases which are
nutritious to growing vegetables. 4
Uustration. Prepare glass cylinders of these gas-
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es over mercury; and passinto them separately balls
of moistened earth: - Some portion of each gas will
be absorbed, with more or less rapidity. Some of
them must stand several hours. o
‘Application. From this experiment it appears,
that the more frequently the moist earth is present-
ed to the atmosphere by frequent hoeing, harrow~
ing or ploughing, the more ‘of the nutritious gases
will be absorbed from it. This absorption, while
it enriches the soil, purifies the air and renders it
better fitted for respiration. This experiment ex-
plains the cause of the superior fertility of soils in
the vicinity of large towns, compared with similar
soils'in different situations. Phe various impuri-
ties generated in large towns, ghe -vast quantities of
carbonic acid gas given off in respiration, the car-
buretted hydrogen and carbonic acid gases froma
multitude of chimneys, &e. so highly charge the
atmosphere with gases which are favorable to-the
growth of vegetables, that the very winds become
the farmers’ manure carters. : :

" Alumine attracts water powerfully, 6_1) which its
bulk is much enlarged ; and its bulk becomes great-
ly diminished by forcing out the water with cﬁoric.;

Illustration. Make small clay cakes and dry
them in the sun. Now bring them before the class,
and mark their dimensions upon a board. Heat
them in a crucible to the white heat of iron. Cool
them and apply them to the measure, and they will
be found to be greatly diminisked in size,

Application. ~ On this principle Wedgewood
constructed his pyrometer. Nail down two thirty
inch rulers on a board, half an inch apart at one
end and an inch apart at the other. Graduate one
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of the rulers with marked degrees. If the sun-dri--
ed cakes of clay .would just enter the large end, af-
ter heating they would enter considerable farther.
The distance to which they would enter indicated
the degree of heat which had becn applied to the
‘erucible containing the clay cake and the metal or
- other-substance to be fused. . ‘ S
. On this principle some bricks burned at a kiln
;. are emaller than others, though all were made in the
same mould.

" . Alumine has a strong affinity for the alkalics,
“whether they are simple or in the state of salts.

1llustration. Suspend some common clay in wa-
ter by first stirring it up, and then letting it settle
until it is semi-transparent. Now pour it in excess
into lime water and- stir the mixture occasionally for
ten or fifteen minutes, et it stand and settlea
while, then pour some of" it into a:wine glass con-
taining an infusion of red cabbage, and 1t will not
give the alkaline test, because the alumine has com-
bined with all the lime, and precipitated it,
. Lay a sun-dried clay cake obliquely across a cru-
‘cible of such alength as to go entirely into the cru-
cible, but not let it reach the bottom. Heat the
crucible until the clay cake is about red hot. . Then
throw a handful of common salt, muriate of soda,
.into the crucible and raise -the heatalmost to the
white heat of iron. On taking out the clay cake its
surface will be found covered with a glazing, made
up of the soda and alumine fused together.

Application. The affinity betwgen lime and alu-
mine has an useful application in forming plastering
for walls, &c. The experiment of glazing the clay
cake is an exhibition of the process adopted by
potter-bakers for glazing their ware, by throwing
salt into the kilns when the ware is burning.
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' CLASS'V. METALS*- °

Remarks. - The specific gravity of all pure’ me-
tals is above five. They all reflect light brilliantly,
- which reflection is called the metallic lustre. Most
of them are found in the earth combined with oxy-
gen or sulphur. All are capable of becoming sul-
phurets by heating ‘with sulphur,as directed in pre-
paring sulphuretted hydrogen gas. Metals may be
combined or alloyed tegether, in which' state their
fusibility is increased. C T -

All metals must be in the state of oxyds, before
they can combine with-acids and form salts.

Illustration. 1. Put a drop of mercury into a
wine glass and pour muriatic acid upon it. Muri-
atic acid cannot be decomposed by any metal, and
"mercury cannot decompose the water which'is com-
‘bined with the muriatic acid. ~Consequently the
mercury will not be oxydated, and of course cannot
become the base of a salt in this experiment.

2. Put a.drop of mercury into a wine glass and
‘pour nitric acid upon it. Though thie water, which
is combined with the nitric acid, cannot be decom-
‘posed by mercury, nitric acid can. Consequent-
ly the mercury will be oxydated in successive atoms
by successive atoms of nitric acid; which will be

' #*Many experiments upon metals require so much time that they cainot be com-
.menced and completed in the ceurse of a lecture, or of one meeting of the class.
Others are of a difficult or rather dangerous sature. These may be passed overina
short course of lectures, after giving very particulgr explanations of their principles-.
‘and shewing, as well as can be done conveniently without actually performing the
-experiments, the necessary manipulations. These are distinguished by ab asterisk
.(") prefixed to the illustration. N 2 ’

4



reduced theréby to nitrous acid, and rise up in a
deep orange gas, as described under nitrogen. As
fgst as the successive atoms of mercury are oxy-
dated, they unite with the nearest’atoms of unde-
composed nitric acid, arid nitrate of mercury is
formed. ' : | )

3. Put a small quantity of iron filings into a wine
glass, and pour muriatic acid upon it. Though
the muriatic acid cannot be decomposed by the
iron nor by any other metal, as before observed ;
the water which is combined with the muriatic acid
is readily decomposed by the iron. . That the iron

“is oxydated by the oxygen of the water, is mani-
fest from the disengagement of hydrogen gas which
‘arises out of the wine glass. - The iron being thus
oxydated, immediately unites with: the muriatic
-acid and forms muriate of iron. .
" Remark, In the second and third experiments
séonsiderable effervescence appears in the wine glass.
Jo the second, it is caused by the escape of the ni-
\ Fous peid gas, (or rather mitric oxyd which be-
‘x‘qmes pitrous acid when it comes in contact with
“atmospheric air,) and in the third, by the escape of -
hydrogen. :

Application: Metals may be thus oxydated by
the decomposition of acids or of water, or they may
have been previously oxydated by some other pro-
cess. In some cases a metal is first oxydated by
an acid which it can decompose, and then united

" to a different one by double decomposition. For
example, in preparing muriate of mercury, the
mercury is first combined with sulphuric acid, be-

..cause it will decompose that acid and become oxy-
.dated.. ‘Then its oxyd is combined with muriatic
acid, by heating the sulphate of mercury with the
muriate of soda, This process of double decom-

o
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position will be particularly explained ufider mer-.
cury. : g

Several of the metals may be burned with a brik
Giant flame, in a current of oxygen gas. '

Illustration. Make a hole in the side of a large
pieee of charcoal, and put into the hole some iron
filings, iron wire, zinc shavings, lead shavings, &c.
Having filled a gas-holder with oxygen, prepared
with a tin tube, terminating in apipestem, as de-
scribed’in the introduction; hold the charcoal in a
suitable position for receiving the current of oxy-
gen upon the metals. Let an assistant hold the
flame of a candle between the metals and the pipe,
until the current of oxygen drives the flame into
the coal. Then remove the candle and continue
the current of oxygen, enlarging or contracting it
at pleasure by turning the stop. The metals will
burn very brilliantly, each -exhibiting its own pe-
euliar flame. . :

Application. This experiment demonstrates the
"combustibility of metals; aud shows the necessity
‘of adding to the words acidifyable substances in the
title of the third class, the words no¢ metallic. For
-all combustjble substances are capable of uniting
‘with oxygen, -and do unite with it during the pro-
-cess of combusticn. o

A very intense heat for burning metals. may be
-produced by a current of oxygen and hydrogen gas-
esicombined. ‘This constitutes what is denominat- .
.ed Hare’s compound blowpipe, or the American
~oxy-hydrogen blowpipe. '

lustration. - Fit the ends of two tobacco pige-
stems together at right angles, by fling them with a

»
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-a small three cornered file in the following manner.
File the hydregen pipe flat on one side at the end,
and file a groove across the end at right angles with
the flat side. File the oxygen pipe at the end so as
to make a shoulder to fit against the flat side of the
hydrogen pipe, and file it so deep as to leave but
half of the hollow of the pipestem ; whi¢h when the
pipes are put together, will exactly coincide with
the groove across the end of the hydrogen pipe.—
Now bore two holes in a slip of a pine board in a
direction to fit in the pipes firmly, with their ends
meeting in a joint at right angles as before describ-
ed; but they ought to meet three or four from
the board. Fasten the board in an upright po-
sition to support the pipes steadily. Having filled
one gas-holder with oxygen and anather with hy-

_drogen, with stop-cocks fitted in them as usual, at-
tach two flexible tubes to the stop-cocks at one end,
.and to the pipestems at the other, so as to conduct
the proper gas to its respective pipe. Now turn
the stop of the hydrogen gas-holder and let out a
very small stream and inflame it with a candle.—
Then turn the stop of the oxygen gas-holder, and
let out a stream of oxygen rather larger than that of
the hydrogen. A small faint blaze will be produ-
.ced, but its heat will be very intense. Having pre-
viously provided the different metals intended to be
burned, now apply them. Small rods of iron, lead,
copper, &c. and gold and silver leaf, will burn like
tinder. A very thin file with a long wooden han-

- dle will burn beautifully. : -

Application. On this principle, and. by using
platina tubes, minerals canbe fused which resist the

Arongest furnace heat. T

Letters may be etched upon metals by converti@
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the surfuce where the strokes are to be etched or the
tnterstices between them into. oxyds. -

* Jllustration. Dip a cold bright knife blade in-
to melted white wax. On taking it out the wax will
immediately harden upon it. Mark out the form of
"a letter or figure upon it, and scrape off all the wax
excepting that which is intended to cover the
letter. Rub the wax off clean with dry pearlash,
"Then immerse the knife blade in the nitric acid,
and let it remain fifteen minutes. Now take it out,
'scrape off the wax which has the form of the let.
ter, and wash the whole ‘clean. The letier will haye
a smooth surface and appear elevated above the oth-
ér part of the surface of the blade, which will ap.
pear clouded and rough.

- Application. . "On this principle the etching upon
razors, sword blades, &c. is performed. But the
artists have various methods for preparing compo-
sitions for applying to the metals before the acid is
applied. They generally make use of something
for writing the letters, which will flow from the pen
like ink. Then they surround the whole space to
be acted upon, by an edging to confine the acid,
and pour on the acid instead of immersing the me-
tal in it. ‘ )

SectioN 1. METALS WHICH ABSORB OXY-
GEN WITH SUCH FORCE AS TO DECOMPOSE WA-
‘TER, WHEN HEATED TO REDNESS. ‘

 Illustration. The distinctive character of this
section may be illustrated by heating an iron rod to
a high red heat and plunging it into a narrow mouth-
ed tin cup of water. The smell of hydrogen will
immediately be perceptible at the mouth of the cup,
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proving the decomposition of witer ; -and on taking
out the rod it will be covered with scales of protox-
id of iron.

IronN.

Remarks. Iron is distinguished in the arts by
three general kinds : Cast tron, wrought ron and
steel. Cast iron contains a proportion of -carbon,
and is of a brittle granulated structure. By melt
ing cast iron and stirring it while in fusion, part of
the carbon is burned out. Then by hammering
or rolling, it becomes almost pure, fibrous and
tough, and is then called wrought iron.: - After itis
brought to the state of wrought iron, it may be con.
verted into steel 'by heating in a confined place in
contact with charcoal, with which it combines. It
will then become hard on heating and plunging into
cold water, and is more fusible.

Besides the cast iron and steel, iron_enters into
another state of combination with carbon, forming
the plumbago or black lead, as it is called. This
is considered as the true carburet of iron, consist.
ing of 95 per cent of carbon with 5 of iron, accord.
ing to Allen and Pepys. :
. Oxyds of iron form the basis of most colours in
minerals and vegetables. Gorham quotes from
Hauy this elegant and appropriate expression—
* when nature takes the pencil, iron is the colour.
ing she always uses.” o

Steel may be distinguished ﬁoﬁ iron by the ac-
tion of an acid upon its carbon. =

Tllustration. Let fall one drop of nitric acid upon
a piece of polished iron, and another upon a piece



w . »

' Irox.’ 155

of polished steel. The acid on the iron ‘will be

limpid or whitish, that' on the steel will become

dark brown or black. - :
Application. It is often very  convenient tohave a

_more ready method for distinguishing between iron

and steel than the usual method of trying its har-
dening quality. Itis not necessary to polish the
iron or steel to make the trial. If a small spot onga
coarse bar of iron or steel be filed bright it will be
sufficient. '

. Xron becomes oxydated on exposure to air and wa-
ter ; and the red oxyd, or iron rust, thus made, al-
ways contains some- carbonate of iron in combina-
tion. R .

* ‘Hlustration. Collect some red iron rust and
pour muriatic acid upon it, and carbonic acid” will
escape. Or heatit in a gun-barrel, as in obtaining
oxygen from manganese, and carbonic acid may be
collected. , o : ’ .

Application. Iron ‘rust, prepared by exposing
very fine iron filings to water and air, is often used
in ‘medicine as a tonic. But it is a mistake to call
this oyxd of iron ; as it is a mixture of oxyd ofiron

and carbonate of iron. » B

" Pure red oxyd of iron may be obtained by driving
out, with caloric, the acid from a salt of iron.

TIllustration. Put some copperas, sulphate of
iron, into an unglazed crucible, and heat it moder-
ately until it becomes a dry white mass. Then put
it into a crucible which will bear a high heat, and
raise the heat until it becomes very red.

. Application. Here the iron is left in the state
of a protoxid, after the sulphuric acid is driven off
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in the state of gas.  Sulphuric acid was at first ob-
tained by heating copperas in' earthen retorts, and
bringing over the acid. Copperas being called
green vitriol, this acid was called vitrialie acid ; and
by some the oil of vitriol, en account of its flowing
like oil. '

Sulphate of iron, (copperas,) is formed by the
chemz{"al combination of iron and sulphuric actyd

Illustration, Put diluted sulphuric acid into a
florence flask, consisting of about five times as
much water as acid. Apply a very little heat, so as
rather to warm than heat the acid. ‘Drop in iron
filings until they will fall to the bottom quietly.—
Pour off the limpid liquid into earthen plates. This
is copperas in solution } and by a slow evaporation

" it may be crystallized. '

Application. On this principle the copperas of
commerce is manufactured ; but it requires consid-
erable experience to enable a manufacturer to per.
form the operation economically. '

Iron will combine directly with sulphur by the
agency of caloric, and form sulphuret of iron.

Illustration. Perform this experiment as direct-,

ed in preparing sulphuretted hydrogen gas.
Application. Vast quantities of sulphuret ofiron
are found in the earth; but these substances seem
to be more perfectly united than they can be by art.
The native sulphuret is neyer used for composing.
sulphuretted hydrogen. -
Sulphur and iron, when in combination, seem to
be strongly predisposed to combine with oxygen.
O this principle the oxygen is taken from an en-
closed portion of atmospheric air, as directed under

!

|
|
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itrogen. Lemery produced artificial volcanoes,
by rumming with force into a lurge pot, a paste,
‘made of ;100 1b. of iron filings, intimately mixed
with 100 Ib, of pulverized sulphur, and just water
enough. to-make a dense paste.  This -pot is then
buricd to a considerable depth in the earth, and
between ten and twenty hours afterwards it
bursts out and burns with great force. "I do not
know that this experiment was ever repeated in
America, It is.said that no effect can be produc-
ed without a very large quantity of the mixture..

Though iron 1s mineralized with sulphur, exy-
gen und carbonic. acid, - it does not enter into many

alloys. The principal alloy of iron known in the
arts, is that of the sheet tin. .

MANGANESE..

. The peroxid of manganese (usually called the
black oxid) readily gives off its highest portion of
oxygen on being subjected to the red heat of iron.

Illustration, Produce oxygen from it as directed

under oxygen. '
" Application.  On this principle the manganese,
as found in - Trainer’s mines at Bempington, -and
other places, is very useful for converting muriatic

.acid into chlorine for making the bleaching liquor,
as explained under chlorine..

The peroxid of manganese is fec{z}ced to. the pro-
‘toxid, and oxygen given off, by the application of an
acid which combines with the protoxud only.

Hlustration. Pulverize some manganese very
fincly, and put it into a retort. Pour on it just
enough strong sulphuric acid to moisten it, or mod-

0 ‘ .
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erately to wet it.  Set the retort into the lead pot,
and raise the heat, but not to a degree by any
means sufficient to drive out the oxygen in the usu-
al way, and oxygen gas will soon come over.
Application. In this experiment the sulphuric
acid, on being heated in contact with the manga-
nese, combines with the protoxid, forming sul-
phate of manganese, and presses out the oxygen
above that proportion. On this principle oxygen
is furnished to the muriatic acid in the production
of chlorine, as described under chlorine. Red lead
also being in too high a state of oxydation for the
base of the sulphate of lead, oxygen is furnished to
the muriatic acid in the red lead process for making
liquid chlorine. In both cases, the oxygen is fur-
nished to the muriatic acid at the instant of its dis-
engagement from the soda of the table salt.

Tin.

T'in is notoxydated at the common temperature.

Illustration. Wet a piece of tin foil and a case knife
blade and put them by, under the cistern or else-
where in a damp place. The next day shew them
to the class—the knife blade will be covered with
rust, (or oxyd of iron and carbonate of iron) but
the surface of the tin will not be affected by oxy-

111 ' Co : .
geAppl’icaﬁon. On accountof this property of tin,
iron plates are covered with tin, forming the tin-
plate ware, Lightning rods are tipped with tin to
prevent the points from rusting. Copper vessels
.are tinned inside for the same reason.
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" Tin is oxydated, when heated so as to be broughe
to the state of fusion. = . -

IMHustration. Put some tin in an iron ladle, and
heat it no higher than merely to melt it. ‘Fhe sur-
face will immediately absorb oxygen from the at-
mosphere sufficient to form the protoxid of tin,
called the yellow oxyd. This may be scraped off
with an iron poker, when another. similar pellicle
will be formed ; and the succession may be contin-
ued until the whole mass is a yellow oxyd. '

If the protoxid of tin is put into a crucible, heat-
ed to redness, and continually stirred with an iron
rod for some time, it will absorb another definite
proportion of oxygen. It then becomes the peroxid
of tin, called the white oxyd, or putty of tin.
~ Application. The white oxyd -of tin is an excel-
lent powder for sharpening edge tools, as knives,
razors, &c. Also for polishing burnishers, glass
lenses, &&c. When melted with glass it forms the
white enamiel used for clock and watch faces, &c.

T'in combines with mercury at the common tem-
rature ; and at the time of its amalgamation with
mercury will adhere to glass.

Illustration. Put a drop of mercury into a wine
-glass, and drop intoit small pieces of tin foil, which
will become liquified and unite with the mercury.
Continue these additions until the amalgam contains
about half as much tin as mercury. Next spread a
small piece of tin foil very evenly on the face of a
smoothing iron or a piece of polished marble. Pour
the amalgam upon it and rub it over the tin foil with
the finger for about two minutes. Now press up-
on it a piece of dry clean glass. Press it down with
such force as to press out all the uncombined mer-
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cury. Lay a weight upon the glass and leave it
halt an hour; when it may be taken up, and will be
found to be a mirror.

Application. All looking glasses are made- in
this way. In the large way a marble slab is placed
#i aninclined position, so that the excess of mercu-
_ sy runs off and is saved for the next, &¢.

. Tin will form an imperfect alloy with iron.

Illustration. Prepare a very thin slip of iron and
scour it bright, dipping it several times, while scour. |
ing it, in very- dilute sulphuric acid. Bend one end
of 1t, so that it will fit the inside of the bottom of a
crucible. Melt some tin in the crucible, and dip
the bent end of the slip of ironinto it. The tin will
combine with the surface of the iron, and, if it is
very thin, it will penetrate entirely through it.

Application. On this principle the sheet tin is
manufactured. We may often find sheets-of tin,
‘which, on cutting them across, appear to be alloyed
entirely through with the tin; and may be soldered
after considerable is worn from the surface.

inwill adhere ta the surface of copper, if perfect.
ly cleaned and heated.

*#Illustration, Prepare aslip of copper by scrap-
ing it well with a knife and rubbing it over with sal
ammoniac, (muriate of ammonia.) Now heat the
copper over clean coals, which do not emit smoke j
at the same time rubbing it over with rosin. While
hot and thus cleaned with the sal ammoniac and ro.
sin, rub tin upon it in the solid state, which, being
melted by the heat of the copper will adhere to it,
giving ita silvery white surface.

Application. By a similar process copper ket-
tles and other copper vessels are tinned inside.—
When the tin has worn off, any ingenious house-

>per might repair it in this way,

R T - _4—~
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Tin dissolved in nitro.muriatic acid (aqua regia)
forms the muriate of tin ; used for giving cochineal
the scarlet colour. '

*Illustration. Prepare the nitro-muriatic acid by
mixing one part of muriatic acid with two of nitric
acid, and put a very small quantity into a florence

flask. Drop tin into it by small quantities, that it

may not become too hot by the rapid union of the
tin and acid. After the acid is saturated, dissolve
some of it in water.

Application. Dissolve in water in a wine glass
a single cochineal insect of the shops, and drop in
a little murjate of tin; and it will become¢ of a
bright scarlet. Sy
» It may be made by dissolving the tin in strong
muriatic acid, and then exposing 1t some time to the
atmosphere. 'When muriatic acid is used, the tin
takes the lowest portion of oxygen. It is then the
proto-muriate of tin. When the nitro-muriatic acid
is used, the tin tdkes the highest portion of oxygen.
It is then the per-muriate of tin. But if the proto-mu-
riate of tin is exposed to the atmospheric air, the tin
takes another portion of oxygen, becoming the per-
oxid; and the salt is of course the per-muriate of tin,
which is used by dyers. .

\

' ' © Zinc.

Zinc Jorms a white oxid, very light and floccu-
lent, on bemg melted and boiled in contact with at-
mospheric air.

Illustration. Put into a crucible two or three
ounces of zinc. Raise the heat so as to melt it,
and then boil it a short time. Now raise the heat
still higher and stir it wizl)r arod. Flocculent flakes,

. 2 - o
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of the white oxyd will begin to fly out of the cruci-
ble. Take the crucible out of the fire and hold it
in fair view of the class, continually stirring it —
The room will now. be filled with the oxyd, which
is carried about by the air like fine down.

Application. ‘This is the substance which was
formerly called white nothing, (nihil album,) philo-
sopher’s wool and pompholiz. In medicine it was
called flowers of zinc. When intended for medical
use it is collected from the sides of the crucible, put
into water, and stirred up a- while ; then suffered to
settle. Afterwards the water is poured off, the oxyd
is dried and put up for use.

Fine filings of zinc may be oxydated and inflam-
ed with explosion, by mixing it with oxymuriate of
potash and striking the mixture with a hammer oh
an anvil.

-+ Zine combines with sulphurie acid and forms sul-
phate of zine, called white vitriol. :

Illustration. Pour diluted sulphuric acid upon
zinc, leaving the zinc in excess. After the action
ceases, pour off the clear liquid, which is the white
vitriol in solution. If this be evaporated slowly,
crystals will be formed.

Application. By a similar process the white vi-
triol of the shops is manufactured.

The native sulphuret of zinc is found in South-
Hampton mines and other parts of N. England, and
the red oxid is found in New Jersey. .

SecTioN 2. METALS WHICH ABSORB OXY-
GEN, BUT NOT WITH SUFFICIENT FORCE TO
'DECOMPOSE WATER.

(May become asids capable of combining with
salifiable bases.)
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. Remark. - Five of the metals may themselves be-
come acids, and unite with other metals and with
metalloids; not as alloys, but as acids forming salts
with them. Two of these are very rare metals.—
Columbium and Tungsten. Molybdena is a diffi-
cult mineral to manage. Chrome has been found
in considerable quantities in Maryland, and some in
other places. But one metal in this subdivision of
‘the second section, however, will be introduced
here for experiments. :

ARSENIC.

Remarks. Arseniate of cobalt is not uncommon
in the hornblende rocks of this country. It is
found in Hungary, &c. in the state of a red sulphuret,
called realgar ; and in the state of a yellow sulphu-

‘ret, called orpiment. Numerous combinations of
" this metal in the state of. arsenious and arsenic
acids, are given in the large works on chemistry.
But I shall confine my experiments to those which
may be required for detecting its presence as a poi-
son. It is a deadly poison in the state of arsentous
acid, which is the solid substance commonly called
the white oxid of arsenic. ,

.

. Arsenious acid, when thrown upon ignited char-
coal, gives off the scent of garlic.

Illustration. Take some burning coals upon a
shovel,and sprinkle the common arsenic of the shops
upon it. White fumes will arise, which give the
smell of garlic.

Application.  After all the various and compli-
cated methods proposed by chemists, this is the
best method known for detecting the presence of
arsenic. The method proposed for-subliming it in
a glass tube is a sure one, if accurately conducted.
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But after obtaining metallic arsenic by this process,
still the smell is resorted ta as its best test. So
. nothing is gained ; and the difficulty of conducting
this process in all places, and in the bustle which
usually attends an enquiry after the death of one
suspected to have been poisoned, is much against
1t. )

It is said that_other substances smell like garlic.
So other substances may be sublimed. Mercury
may be sublimed, so as to deceive the inexperienc-
‘ed. But there is no known substance in the form
of a white powder, which gives the odour of garlic
when thrown on hot coals, but arsenic. And unless
.the arsenic is so obtained as to be-capable of being
thus presented to hot coals, it cannot be examined
in any other way. _

I hope no student, who takes lessons from this
little work, will place much confidence in any of
those investigations made by physicians in regard to
poisons found in the stomachs of dead bodies. Put
an ounce of arsenic into the well filled stomach of a
dog, and set ten of the best physicians in Europe or
America to search for it ; and unless they are prac-
tical chemists of considerable experience, they will
not be able to detect it to the satisfaction of an hon~
est- and diseriminating mind. But let the busy
tongues of two or three sage matrons set up the cry
of arsenic, and twenty wise sons of Aesculapius will
find any quantity of it in a stomach where nothing
;)ut the mother’s milk had ever passed the subject’s

ips. .

Many an honest man has suffered death, and
many an innocent family has been ruined, through
the affected wisdom of physicians, and scientific
quackery of the bench and bar. -
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Corres.

Remarks. Copper is found native in many
places. It is also pretty common in the state of
a sulphuret and a carbonate..- Copper alloyed with
from 12 to 18 per cent of zinc forms brass. When
the proportion of copper is larger it forms pinchbeck.
Six parts of copper, two of tin and one of arsepic
form speculum metal. Three parts of copper with
one of tin form bell metal ; and for little shrill sleigh.
bells, &c. a litde zinc is added. Copper and tin

form bronze also, consisting of ten parts copper to
one of tin.

Copper long exposed to moisture in a damp place
becomes a green carbonate at the surface.

. INustration. Scrape-off the green crust from a
. piece of copper and pour muriatic acid upon it, and
it will effervesce by the escape of ‘carbonic acid.
.Pure’ copper will not effervesce, which may be
shown also,

Application. . All copper and brass utensils
should be defended from moisture by tinning or by
careful cleaning; for the carbonate of copper is ve.
ry injurious if taken into the stomach. ~

Cop}tzer combines with sulphuric acid and jforms
sulphate of copper, called blue vitriol or Roman
vieriol. .

Tllustration. Boil copper filings in sulphuric acid,
and the salt will be formed in the liquid state. This
may be evaporated in the usual way. . .

Application. On this principle the blue vitriol




166 CoOPPER.

of the shops is made; but not by a similar operation.
The native sulphuret is heated and exposed to air
and moisture, and thereby the peroxid is obtained.
Then the salt is readily formed by pouring sulphurie
acid upon it. ' :

Copper has a strong affinity for ammonia, with
which it will combine when in the state of salts or
otherwise, and_ form various coloured compounds.

Iilustration. .Rub. together in a mortar about
equal bulks of sulphate of copper and carbonate of
ammonia. A purple compound will be formed.

Application.  This is the ammoniuret of copper.
used in medicine. ‘ :

Copfer combines with arsenious acid, and forms
Scheele’s green. :

* Ilustration. This may be effected by a double
decomposition. Form arseniate of potash by dis-
solving pearlash in water and heating it, then by .
dropping in common arsenic till action ceases.
Dissolve sulphate of copper in hot water also. Pour
the solution of sulphate of copper into the arseniate
of potash tjll action ceases. Arseniate of copper and
sulphate of potash will be formed. . The arseniate of
copper will precipitate and the sulphate of potash will
remain in the liquid state. Pour off the liquid, and
wash the precipitate several times, This will be
the true Scheele’s green,

‘Application. So much reliance is placed on this
process as a test for arsenic, that every student in
ch;:mistry ought to he well acquainted with this
colour. :
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ANTIMONY.

Remark. Antimony sold at the shops is in the
state of a sulphuret generally.

Sulphuret of antimony will d?compose wgter and
Jorm sulphuretted hydrogen gas.

Ilustration. Pulverize the common sulphuret
of antimony, and put it into a retort. Pour in wa-
ter and dilute muriatic acid, apply. heat and colléct .
the gas, as directed under sulphuretted hydrogen

s. :

w - Application. . When we wish for a test in haste,
it is often a convenience to apply the sulphuret of
antimony, without the trouble of preparing the sul-
phuret of iron. E

Sulphuret of antimony may be reduced to the state
of the protoxid of antimony by heating with salt-
petre and sulphuric acid. .

* [llustration. Pulverize very finely equal parts
by weight of sulphuret of antimony and salt-petre,
_ After pulverizing, mix the two powders very inti-
" mately. Threw the mixture, all at once; into a cruci-
ble previously heatedto redness,or rather higher. De-
flagration will immediately take ﬁlace, during which
oxygen will be given off by the salt petre to the
sulphur and convert chief of it into sulphurous acid,
and to the antimony and convert most of it into an
oxid. Now take off the crucible, let it cool, select
all the reddish part of its contents and reject the
rest.” This is what is called in medicine crocus of
antimony, or sometimes the metallic antimony ; but

it is notentirely separated from the sulphur. .
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Now mix this crorcus of artimony with about
twice its weight of sulpburic acid in a gallipot or
tea-cup. After mixing and remaining a little while,
put it into a clean iron ladle and boil it down to a

rfectly dry mass, frequently stirring it with an
iron rod. This dry powder, when well washed, is
the true 'protoxid of antimony. .

Application. When antimony is brought to the
state of an oxyd, it is in a convenient state for ap-
Flying to various uses. It may easily be prepared
- for alloying with lead for the manufacture of print.
ing types, &c.

Oxyd of antimony will combine with tartaric acidf.
and form the tartrate of antimony, called tartar-
emetic. - - . :

*Jllustration. Dissolve some supertartrate of
potash (to be described under vegetable acids)-in
water, and put into it an equal weight of dry axyd
of antimony. Pour this mixture into a clean iron
ladle, and boil it about fifteen minutes.  Let it St%nd .
about a minute to settle any impurities, and then
pour the liquid into any clean vessel to set by to
crystallize. Or it may be cleaner to st_gin it through
paper. After it cools and stands a-wile crystals of
tartrate of antimony will be formed. The super- .
natant liquid may be poured’off and evaporated a
litde, and set away to crystallize, again, These
crystals may be washed and put up for use. \

Application. This is the important medicineso
long in use, under the name, tartar-emetic. Itis
rendered more pleasant, by dissolving the crystals
in boiling water, equal to about fifty times their
weight. Then adding about a third more good wine
than to equal the quantity of boiling water.

o

l
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BismurH.

- Bismuth combines with nitric acid, and forms ni
trate of bismuth; the most delicate symputhetic ink.

" Tlustration.. Whittle off a little bismuth into a
wine ‘glass.. Drop in a little -common nitric acid
diluted with half as much water. . Violent action
will commence ; when it ceases the nitrate will be
found in the liquid state. : e

Dip a clean pen into it and write as with ink.

Hold the paper near a fire, but not so near as to heat
it, the letters will become invisible. . Having shewn

* the paper to the class without any visible letters,

now dip it into water and on taking it out the let-
ters.will become -visible and appear as if written
with palg ink. :
. Applitation. If aletter be written on ordinary
subjects with ink, sentiments of a more delicate na-
t\n’ﬁxpresﬁvc of sympathies which it is desirable
to_conceal from prying paost-office clerks, &c. may
pressed in this liquid between the ink lines,
"I'he confidential correspondent has only to dip the

“Yetter in water before he may catch the fugitive si

and feast Mis fervid imagination on the half-told as-

4 surances. But the writing will soon disappear, and

leave not a vestige to.prove a forgotten promise.

_Water- precipitates oxyd of bismuth from lzguzd »

-ty ate of bismuth.

Illustration..  Pour into the liquid nitrate of bis-

muth, prepared as in the last experiment, eight or -

ten times its bulk of water, and the white oxyd will
be precipitated in a fine pawder.

o jcation. _ This white oxyd, after being wash.
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ed and dried, is put up for medical use. It is said
to be an excellent tonic. It forms the basis of the

most delicate face paints, or pigments for other uses.

Bat it is so readily tarnished by sulphuretted hydro-
gen, that a painted face, where it has been applied,
will become tawney at the approach of a small quan-
tity of that %:\s. Consequently those who wear
inted faces have two good reasons for retreating
m the attack of nauseous scents. _
Remark. The other five metals belonging to
this division of the second section, need not be in-

troduced for experiments in the course proposed.

Instructors who think proper to experiment upon
them, are referred to M’Neven’s Brande, Silliman’s
Henry, Gorham’s Chemistry, and Accum’s Chem-

lstl'YQ

Sectron III.” MEeTALS WHICH DO ¥oT RE-

CEIVE OXYGEN, EXCEPTING FROM STRONG
ACIDS,. >

, GOLD.

Gold maYy be dissolved by nitro-muriatic and by
oxy-muriatic acids, and by no ether acid. )

Tlustration. Put a litle muriatic acid into a

wine-glass, and twice as much nitric.acid in anoth- .

er wine-glass. Drop into eacha small piece of gold
leaf, ‘and neither of the pieces will be dissolved.
Now pour the contents of one glass into the other,
and both pieces of gold will be immediately dissolv-
ed.

Application. This mixture is the ague regia
of old ‘authors. The new compound formed is
muriate of gold ; but it seems that gold requires
the joint action of the two acids, the nitric acid af-
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fording oxygen for oxydating' the gold, and then
the muriatic acid unites with it. E

Iron, silver, and copper may be covered with a
thin coat of gold, which is called gilding.

*[llustration. Pour into a saturated solution of
muriate of gold (that is, where there is no excess of
-acid) about twice as much sulphuric ether.. Now
brush upon a clean polished surface of iron or steel
some of this liquid. The ether will soon evaporate
and leave the gold covering the surface.

To gild silver or copper, heat gold and mercury
together in a crucible, one part of gold to about

_eight of mercury, until ‘they are completely alloy-
ed ; then throw the hot alloy into cold water.—
Having wet the silver or copper with diluted nitric
acid, brush on the alloy with a fine brush (a wire
brush is best) as uniformly as possible. Then

. drive off the mercury with heat, placing the gilded

metal over hotcoals, Afterwards the surface must
be polished with a burnisher. The only objection
made to this method by artists is, that it is very dif-

- ficult to lay on the alloy evenly. But old artists
learn to brush over the bare spots. while it is heat-
ing, being careful to avoid inhuling the mercurial
fumes.

Application. This method of gilding iron is un-
doubtedly very perfect ; but itis desirable that
some better method for gilding the other metals
should be devised- Most substances to be gilded
may be convenjently covered with gold leaf. Gold

. is so very ductile, that the leaves are made very
thin. It is said that about a pound of gold may be
hammered out between beater’s skins so very thin,
as to furnish enough to gild a wire of sufficient
length tv surround the eurth.
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- Adulterations of gold coin may be detected, with-
out an analysis, by taking the specific gravity.

Illustration. ‘Take the specific gravity of a piece
of gold coin, according to the directions given in
the introduction. If its specific gravity is 17,157,
it is lawful coin, ‘ o B

Application. There isno metal so heavy as gold,
excepting platina. And such is the value of plati-
na, that there is no danger of its being alloyed with

" that metal. Standard gold coin is an alloy of ‘one
of copper to eleven of gold, in order to muke the
coin barder, that it may wear the better, The spe:
cific gravity of perfectly pure gold is 15.3, Cop:
“per, silver, and most other metals, which are alloy-
ed with gold, may be easily separated from gold by
nitric acid. For if the alloy be in fine filings, the
nitric atid will dissolve the other metals, and leave
the gold in a black powder. This powder may
be scparated and melted down into a pure mass.—
But the most common method adopted ‘by artists

is, to melt the alloy with sulphuret of antimony.—

The other metals become sulphurets, and the gold
will unite with the antimony and fall ‘to the bottom
“of the crucible. "Afier cooling it may be separat-
ed. Now melt thealloy of gold and antimony;, boil
itat a white heat, and the antimony will become vo-
latilized and fly o, = N

S1LVER.

- Silver coin is alloyed with copper, as 123 to 1 ;
Jrom which alloy sitver may be obtained pure, by
Jorming a nitrate of it, and then precipitating it by
solid metallic copper.

*]llustration. Put some nitric acid into a wine

O3
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e
glass diluted with an equal bulk of water. Drop
Into it a six-cent IFiece, and let it remain until ac-
tion ceases. Now take out the undissolved silver,
and put in a plate ¢f perfectly clean bright copper.
The silver will be precipitated after a short time.
‘W ash the powder several times ; and put a little
liquid ammonia into the water for the first washings.
Now melt down the powder into a solid mass,
which will be pure silver. .
Application. It is very convenient to have a
ready method for obtaining pure silver from coin
when it is wanted for a particular purpose, But
silver is harder and will wear longer if it contains a
little copper. Ever so small a quantity of copper,
however, in a finger ring or in any jewelry, which
comes in Contact with the skin, will tarnish.

Silver will combine with nitric acid and form the
nitrate of silver, called lunar caustic, or lapis infer-
nalis. o ‘ ' .

Illustration. Put nitric acid into a wine glass
diluted as before. Drop in a piece of pure ‘silver,
and let it remain till action ceases. Take out the
remainder of the silver. Evaporate the solution to
a solid salt.

Application, This salt 1s used in m‘edi.cine,_ and
for a test of the presence of muriatic acid in miner-
al waters, &c. An indelible ink is also made, by
dissolving it in pure water and then adding a little
vinegar, also adding a little gum-arabic te give it
consistency. If a piece of cotton or linen be dipp-
ed into a weak solution of pearlash, and then dried
under a moderately heated smoothing iron ; it may
be written on with a clean pen dipped in this solu.-
tion, and the writing will never-wash out. Those

Pe
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who de not wish to take the trouble to make the
lunar caustic may always find it at every druggist’s
shop. ‘

Copper may be coated with silver, if rubbed with

it when in the state of @ powder combined with some
of the salts.

*llustration. Make a powder as follows : Take

a few grains of silver in powder, as precipitated by
copper in the first experiment, after it is washed
and before melting—about an equal weight ofalum,
or alittle more—six times as much table salt—also
_six times as much tartrate of potash. Pulverize all
these articles and rub them well together. Rub the
clean bright surface of a piece of copper with this
- powder and it will be silvered.

Application. Though this silvering is not very
durable, it will defend the surface of copper from
tarnishing while it lasts ; and it may be easily re-
newed. Plating copper is much preferable. This
is done by brazing on a thin bar of silver upon a
thick bar of copper. T'hen both are rolled out in«

. to the projer thickness for use.

-

_ Nitrate of sitver heated with alcohol and an addi-
tional portion of nitric acid, may be formed into an
explosive or fulminating powder.

*Illustration. Pulverize a very few grains of lu-
‘nar caustic of theshops. Put it into a florence flask,
and add about five times as much alcohol and
about five times as much strong nitric acid. Ifa
pretty violent effervescence does not commence
soon, apply the heat of a candle. As soon as it
does cominence remove the candle. As soon as a
thick white precipitate commences, the efferves-

Vo
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cence may be regulated by occasionally peouring in’
a little. pure water. After the action has ceased, let
it stand and settle a short time; then pour off the
supermatant liquid and wash the powder several
times in pure water. Spread it on paperand let it
dry and drain a while. Now put a grain of it on
the blade of a case knife apd hold it over a candle.
As soon as the knife is a little heated it will explode.
Tt will also .explode violently by compression or
friction.

Application. This is an interesting illustration.
of the wonderful force exerted when solids are sud-
denly converted into gases. But this preparation
ought not to be made before a class ; neither ought
it to be exhibited in the course proposed here. 1
give the description of Mr. Silliman’s method, for
the amusement of those who have leisure to attend
to it in a private office. It is the most powerful and
the most dangerous of all known fulminating sub-
stances.

Pratina.

Remarks. It will be very difficult to experiment
much upon platina in the proposed course. It be-
ing the hardest and most infusible of all metals, it
is polished and used as a cencave reflector in the
most powerful telescopes, where glass would melt
or break. For crucibles and other uses it is em-
ployed in the laboratory. It has not been much us-
ed in the arts, on account of its scarcity.

Platina may be dissolved in nitro-muriatic acid ;

and will then form muriate of platina, which is a test
Jor potash. '

*Illustration. Put a grain or two of platina into
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a florence flask and pour in a small quantity of ni-
tro-muriatic acid and apply a little heat. It will
dissolve very slowly; butin a few days muriate of
platina will be formed. Dissolve a little muriate of
soda (common salt) in a wine glass, and a little pearl-
ash in another. Put a few drops of the muriate of
platina into each; and it will produce no effect on
the solution of muriate of soda, but will give a yel-
low precipitate from the solution of pearlash.

Application. Itis often a convenience to be able
to distinguish potash from soda, without going the
round of evaporation. to dryness and then waiting te
see whether it will diliquesce or effervesce.

The alloys of platina, Palladium, Osmium, Rho-
dium and Iridium, are to be scen in the separate
state. among rare collections only. -

SEcTioN 4. METALS WHICH ABSORB OXY-
GEN AT LIMITED TEMPERATURES, AND GIVE
IT WHOLLY OFF AT HIGHER TEMPERATURES.

Remark. The character of this section will be
shown by heating red lead. See the next article.

MEeRrcuURryY.

Remarks. This is the quicksilver or argentum
-vivum of old authors. It is generally found in the
state of a sulphuret, called cinnibar. It is in the
solid state at about 40 degrees below zero, that is,
about 72 below- freezing—it is in the liquid state to
about 600 above freezing, when it is evaporated,

The black oxid or protoxid 'q/' mercury is produ-
ced by agitating mercury in contact with atmosphe-
ric air. :

Illustration. The easiest method of producing
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the black oxyd is, to put about a gill by measure
of mercury in a strong quart stone jug, and let some
person take it into a carriage, who is about to travel
forty or fifty miles over a roughroad. A conside-
rable quantity of the black oxid will be formed in
the jug. ' '

Application. The black oxyd formed in this
way illustrates the principle of oxydation very sa-
tisfactorily. Those who transport mercury in car-"
riages over rough roads, should fill the vessels con.
taining it quite full, I once had mere than a pound
of mercury converted into the black oxyd, on the
road from Pittsfield, Mass. to Troy ; a distance of
about 35 miles. ‘This is the Ethiops per se of old
authors, - '

The red oxcyd or per-oxyd of mercury, is produs
ced, by heating mercury in contact with atmospheric
air. J P

Illustration.  Pat a little.mercury in an iron la-
dle, and heat it almost to its boiling point. Its sur-
fuce’ will soon become covered with glimmering
spangles, which become more reddish and encrease
in quantity, till at length the whole mass will be-
come the red oxyd. - ‘ '

“Application. * This was formerly called precipi-
tate per se, as distinguished from the red precipi.
tate. It is now called Aydrargyri oxydum rubrum
in the pharmacopeeias. '

Mercury combines with nitric acid and forms xi-
trate of mercury. ' -

Illustration. Put some mercury intoa wine glass
and pour in nitric acid diluted with about one fourth
its measure of water. Let the mercury be in ex-
cess and nitrate of mercury will form and ecrystal-
lize, without any evaporation.
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Application. This salt is used in medicine by
sonie physicians. It is also used as a test, and in
:several chemical experiments. ‘

The nitrate of mercury may be reduced by heat
' to the nitric oxyd of mercury, called red precipitate.

- *]llustration. Put the salt into an earthen plate °

" - and apply a moderate heat, until it is reduced to a

-dry white mass. _Then pulverize it very finely in
" -Wedgwood’s mortar, and put it into a florence
flask, stop it looscly with a glass stopper and set it
into the lead pot or in a sand bath. Raise the heat
- moderately, until the powder becomes bright red ;
it will then assume the appearance of scales.
Application. This is the red precipitate used in
medieine. This is the substance which is boiled
with prussian blue to obtain the prussiate of mercu-
ry, from which the prussic acid is disengaged.

Sulphur and mercury will unite without heat by
-being rubbed together, and form the bluck sulphuret,
called Aethiops mineral.

" Illustration. Put equal quantities by weight of
mercury and pulverized sulphur in Wedgwood’s
mortar and rub them with the pestle until there is
no appearance of liquid mercury. ,

_Application. This sulphuret is used in medi-
cine,

Mereury will combine with sulphuric acid by heat,
.and form the per-sulphate of mercury. .

*Illustration. Put some mercury into a florence
flask and pour in about™ as much strong sulphuric

acid ; itis better to put in about one eighth more of
the acid by weight. Sct the flask into the lead pot

>
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or over coals and boil the contents moderately, un.
til it becomes a dry white mass. Now take the
flask from the fire and cork it up tight, or it will ab-
sorb water very soon from the  atmosphere and be-
come liquid. o ) o
Avpplication. .This caustic salt is not much used -
in this state ; but it is used for making corrosive
sublimate and calomel. An article in the materia
medica called furpeth mineral is made by merely
throwing this salt into boiling. water, after 1t is fine- .
ly powdered. It immediately becomes a yeliow:
powder and must be washed several times in warm -
water before it is put up for use. -

~ If per-sulphate of mercury and muriate of soda
_ be heated together, a double decomposition will take
place, and per-muriate of mercury, (oxy-muriate)
called corrosive sublimate, will be produced.

*llustration. Put dry per-sulphate of mercury
into Wedgwood’s mortar and about” a third more
by weight of common table salt. Rub them well
together, and put the mixed powder into a florence
flask, stopping it loosely with a glass stopper. Set’
the flask into the lead pot and apply heat. A de-
composition will take place, and the corrosive sub.’
limate will be sublimed : That is, by raising the
heat gradually it will shoot up in crystals along the
sides and into the neck of the flask. After the
crystals stop shooting up, take out the flask and
break a liole through the bottom carefully, still keep-
ing it in an upright position. The hole must be
about as large as the whole bottom of the flask,
through which all the black residue must be dis-
charged. - Now scrape out the crystals, and put
them up for use. _
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Application, This exhibits the principle in a
cheap way. But a very different apparatus is adopt-
ed, for manufuacturing corrosive sublimate in a large
way. It is called oxymuriate of mercury ; but as
‘jt consist¥ of myriatic acid combined with the per-
oxid of mercury, without any oxymuriatic acid, it is

roperly the per-muriate of mercury. It is a dead-
gr poison, ' : : ~

Per-muriate of mercury may be reduced to the
proto-muriate, called calomel, by being rubbed with
an additional portion of mercury, and the mixture
heated, '

*Jllustration. Put corrosive sublimate into
Wedgwood’s mortar, and add about half as ‘much
by weight of mercury. (It is rather more safe to
add about an . eighth more mercury.) Rub them
well together, until there is no appearance of mer-
cury ; it'having all become a powder. Now put it
into a florence flask and sublime it, as when making
the corrosive sublimate. After subliming once, 1t
ought to be scraped out, pawdered in the mortar
and sublimed again, in order to be pure and fit for
use. .

Application. This is the calomel used in medi-
cine. It is called sub-muriate of mercury. but
as it consists of muriatic acid combined with the
protoxid of mercury, its true name, according to
- correct nomenclature, is proto-muriate of mercury.
But if we adopt the-chlorine doctrine, the sublimate
of mercury is perchloride of mercury, and the calo-
mel is proto-chloride of mercury. '

This method of preparing those salts appears
wasteful ; but the florence flasks can be had for half
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a dollar per dozen, and there is no other method

within my knowledge of experimenting so cheaply.

Mitrate of mercury, heated with alcoh.l, may be
Jormed into an explostve, or fulminating powder.

*Illustration. Make the nitrate of mercury by

heating the mercury with about ten times as much

" nitric acid, by weight; which- will be in a liquid

state. After 1t is cool, péur it into a florence flask*

with about one fourth more alcohol. Apply a mo-
derate heat until effervescence commenres, and no
longer. After effervescing a while, and producing
fumes on the surface, a powder will begin to be pre-
cipitated. When the process ceases, pour off the
liquid, wash the powder several times immedi-
ately in pure water, and then dry it on peper. It
must be dried without exposing to much heat, or it
will explode while drying.

Application. By- striking a small quantity of
this powder with a hammer on an anvil, it will ex-
plode violently. - It will explode by compression
under the foot on a pavement, if well dried. Itis
used in various mixtures for small fire-works, &c.
Though it is not so dangerous an article as fulmina-
ting silver, it ought to be made in very small quan-
tities only, ‘and very little exploded atonce. Asit
explains no principle, which cannot as well be ex-
plained by experiments of less danger, it will gen.
erally be most advisable to omit it in the course
here proposed.

Corrosive sublimate, the per-muriate of mercury,
may be detected by an orange-yellow precipitate,
made with lime-water. ‘

_ Ilustration. Dissolve some of this corrosive salt

In water, and then pour into it some lime water ; im-.

mediately an brange-yellow precipitate will appear.
Q . -
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Application. Although this isa‘good test, there
is so- much difficulty in obtaining the salt from the
stomach of a dead body, that circumstantial evi-
dence ought rather to. be relied on, than the opin-
ions of physicians founded' on such an examination.
It is more soluble than arsenic ; consequently.more
difficult to obtain fremi among the liquid contents of
the stomach.

LEA&.

Remark. Lead is-generally found mineralized
with sulphur, in an-ore called galena. It is much
used in the arts. in the metallic state. It isalloyed
with tin, forming pewter. Good pewter consists-of
one part lead to four of tin ; but most of the pew-
ter of the present day is chiefly lead. Solder, call-
ed plumber’s solder,. consists of equal parts of lead

‘and tin melted together. .

Lead receives its lowest pr;portion of oxygen at
a low red heat, while exposed to atmospheric air ;
also from the decomposition of an acid, with which it
is combined as the base of a salt.

*Illustration. Melt somte lead in a ladle, and
scrape off the pellicle which forms on' its surface
several times, or until a sufficient quantity is ob- -
tained. Part of this is oxydated, and part is not.—
Now put this into the ladle by itself and expose it
to a low red heat, continually stirring it with a rod
until it becomes of a yellow. colour.  This is the
protoxid, yellow oxyd, or massicot. -

Or it may be obtained by for.ing the nitrate of
lead in the same manner as dirccted for forming the
nitrate of mercury, and then by heating the salt to



redness in-a ladle, covered over prefty closely.—
The acid is driven out, leaving the protoxid of lead.
Application. This is the massicot used in the
arts. It is also an useful powder for setting a fine
-edge to razors, for polishing burnishers, &c. ‘

- The protoxid of lead will become the deutoxid,
by exposing it to atmospheric air in a strong heat,
not quite bringing the povder to a state of fusion.

*]llustration. Put some massicot into a ladle,
and cover it over loosely with an earthen or iron
plate, and raise the heat. Raise up one end of the
plate and stir it often, until it becomes of a bright
red. Care must be taken not to raise the heat so
high as to drive off the previously acquired oxygen,
and thereby bring it again to the state of pure melt-
ed lead. It is, in fact, difficult to perform this op-
cration with small quantities, -

Application. This is red lead or minium, used
by painters. On this principle, though with v
different apparatus, red lead s manufactured for the
shops. But the red lead of the shops is generally
very impure. It often contains red ochre, silex,
alumine, muriate of lead, sulphate gf lead, &c.

Minium  becomes litharge by heating a consider-
able time in as high a heat as it can bear, without
| parting with its oxygen. S :

*Ilustration, - Put some red lead into a ladle,
and heat it until it is partly meked, so that it be.
gins to be agglutinated in a kind of scales.

Application. This is the semi-vitreous oxyd of
lead, usually called Jtharge. It is not so brighta
red, but is a more durable colour,
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hByb r&ising' the heat very Izigb,‘ oxyd of lead
gives its oxygen wholly off, and becomes pure lead
again. : '

Illustration. Put some red lead into a ladle and
raise the heat as high as the white heat of iron ;-and
pure metallic lead will be found in the ladle.

Application. This last experiment is an illustra-
tion of the distinctive character of this section.

Red oxyd of lead will decompose muriate of soda
with heat, and form the patent yellow.

Tllustration. Pulverize common table salt very
finely and put it into Wedgwood’s mortar. Put in
with it twice as much finely pulverized red lead.
Rub them well together first ; then add water, a
very little at a time, and continue rubbing until a
paste is formed. Muriate of lead will now be form-
ed, and the soda will be disengaged. Pour in a

-quantity of water and wash it several times.
The soda will wash™ out and leave a white mass.
Dry this mass and then melt it in a crucible ; and a
beautiful substance will be formed, called - patens
yellow.

Application. The patent yellow is one of the
most durable pigments, and may be made very
good in this way. S

Carbonate of lead, called white lead, is formed by
double decomposition on mixing nitrate of lead and
pearlash. '

Illustration.. Make nitrate of lead as before di-
rected and dissolve it in water in a wine glass.—
Pour into it a solution of pearlash, and a white
insoluble precipitate will fall down. Let the li-

-
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quid be poured offy and the powder washed several
times. . :

. Application. This is the white lead of painters
n its purest state. It is generally made in the large
way by applying the vapour of.vinegar to sheet
lead. Tt will of course contain some acetate of lead
and other impurities. ‘

White lead, carbonate of lead, dissolved in vine-
gar, forms sugar of lead. :

*]llustration. Put some white lead into a flor-
ence flask.  Put in about ten times as much good
sharp vinegar (distilled vinegar is best.) Shake it
up several times and let it stand until the vinegar
tastes sweet. Add more vinegar and continue ad-
ding by littles, until it will remain sour. Evapor-

. ate and crystallize in the usual way. :

Application. This is the acetate of lead or sugar
of lead, used in medicine. It is called sugar of lead
on account of its sweet taste. '

Lead is precipitated from the state of a sult inthe
metallic state by metallic zinc.

-~

: /
Illustration. Dissolve sugar of lead in thirty or
forty times its weight of water. Fill a decanter
with this solution. Suspend a small clean bright
piece of zinc in the liquid by a thread, which is held
by being compressed by the side of the stopper,
Set the decanter in a conspicuous place in the class-
room where it may remain a day or two undisturb-
ed. The acetate of lead will be decomposed. The
lead will cover the zinc with leaves shooting out in
a curious mannery while the sour taste of the vine-
-gar is partly restored. :
Application, Zinc having a stronger affinity for

Q2
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xygen than lead, it takes- so much from it, that
n cannot hold the vinegar any longer in combina-
tion with it. -
Remark. Nickelis too rare a metal to be sub-
jected to experiment in this course.
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| ANALYSIS
Or MinERALS, MINERAL WATERS AND So1LS,

" Remarks. Toanalyze minerals expertly and ac-
curately requires the practice of several years, and
an extensive collection of the most perfect tests.— -
The presence of common metals may be detected
without much dificulty. The substances which
are usually held in solution in the mineral waters
of our country may also be detected without a Ia-
borious process. But to determine the proportions
of the parts of a compound mineral, or the quanti-
ty of any substance contained in mineral waters, re-
quires more practical instruction than can be com-
municated in the course here proposed. The most
excellent part of M‘Neven’s Brande, in my opinion,
is the analysis of Minerals and Mineral Waters. To
that work all those are referred, who wish to extend
their knowledge of these subjects.

ANarLysis oF MINERALS.

Remark. I shall confine my directions exclu.-
sively to the metals ; for the analysis of earthy com--
pounds is teo complicated for the course proposed.

As the hydrosulphuret of ammonia will precipitate
the oxyds of all metals, which form the bases of
salts, the colours of the precipitates may assist in de-
tecting metals. ‘

Hlustration. Put solutions of several metallic
salts (as copperas, blue vitriol, white vitriol, sugar
of lead. lunar caustic, &c.) into separate wine glass-
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es, and pour in a litle hydrosulphuret of ammonia
into each, and observe the different coloured preci-
pitates.

Application. Dissolve a supposed metal in an
acid—as sulphuric, muriatic, nitric or nitro-muria-
tic. Prepare a solution of a known metallic salt, as
before directed, having a base of that metal which
is suspected to be under examination. Pour some
hydro-sulphuret of ammonia into both, and compare
the colours, densities and other characters of the
precipitate.  Although this will riot always afford
conclusive evidence, it will assist in directing the
judgment. -

" An infusion of galls will precipitate the oxyds of
many of the metai, which form the bases of salts ;
and the colours of the precipitates may assist in de-
tecting such metals.

Illustration. Rasp off a quantity of a nut-gall and
soak it an hour or two in pure water. Strain off the
liquid and put it into a vial for use. Dissolve se-
veral metallic salts as directed in the last experi-
ment, and precipitate the oxyds of the metals from
their acids with the infusion of the nut-galls, and
observe the colours of the precipitates.

Application. Metals may be tested by being re-
duced to saltsand by collateral or comparison expe-
riments as directed when using the hydrosulphuret
of ammonia. It must be understood, that the same
metal sometimes gives different coloured precipi-
tates, when in different degrees of oxydation. The
following are some of the colours, as taken from
Brande. With the proto-muriate of manganese,
dirty yellow—proto-sulphate of iron, purple—per-
muriate of iron, black—muriate of ¢in, dirty yellow
~—proto-muriate of tin, (acid) straw colour—per-
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munjate of ¥n (acid) fawn colour—proto-muriate of
copper, yellow brown—per-nitrate of copper, grass
green—aiitrate of lead, dingy yellow-—tartrate of an-

titmony and potash, straw colour—tartrate of bis-

muth and potash, yellow—sulphate of uronium,
bluish black—muriate of titanium, (acid) brown—
sulphate of titanium, blood red—white oxyd of
arsenic, scarcely changed—any salt of molybdena,
brown—sulphate of nickel, green—-proto-nitrate
and per-nitrate of mereury (acid) yellow—nitrate of
silver, curdy becoming brown—-muriate of pla-
tian, brownish green.

These two tests, together with the characters of

* the metals given under their respective heads, ma

be sufficient for common ‘use. In very difficult
cases, recourse must be had to extensive works on
chemistry. :

It will be perceived, that these tests will apply to
the analysis of mineral waters, when any of these
metallic salts are suspected in them. ’

ANALYsIS oF MINERAL WATERS.

~ The following directions will be sufficient for de-
tecting those substances which most commonly oc-
cur, and in the largest proportions in the United
States. Prepare the following waters artificially,
and test them before the class: -

In searching for any of these substances, it will
be advisable to use-the test for that first which we
have the most reason to expect. :

MuriaTE or Lime. MNitrate of silver in solu-
tion dropped into the water gives a dense white
cloud if 1t contains muriatic acid. Owxalic acid
gives a light white cloud, if it contains lime, Ox-
alate of ammonia is better.
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SvrprurETTED HYDROGEN. Acgtate of lead
in solution is precipitated dark brown.

CarBoNATE oF IRON. Tlincture qfﬁalls gives
adark purple, and at length a brown colour, if it
contains iron.: Boiling will drive off the carbonic
. acid, so that after it has stood a while the iron will
be so completely precipitated, that the supernatant
liquid ‘will not give the test with tincture of galls,

Svrpuate oF IroN. Tincture of gails gives
the dark colour both before and after boiling.

Free carBoNic Acipn. Lime water gives a
white cloud before boiling, but produces no effect
after boiling. '

SuLruaTE oF MacNEs1A. Muriate of Ba-
rytes gives a cloud, if water contains sulphuric acid.
If red eabbage does not give the acid test, the sul-
phuric acid 1s combined with a base. If the tinc.
ture of galls and oxalic acid give no test of iron or
lime, we may presume the base to be magnesia.
‘To be more sure, evaporate the water by a very

adual heat, and tuste the dried residiuum. If it
ﬁzs a bitter taste, it will be a confirmation of the
tests. :

MurIaTE or SBopa. Test the muriatic acid by
nitrate of silbver. If oxalic acid does not give the
test of lime, evaporate it slowly to dryness and taste
'it.l No one can mistake the taste of common
salt. .
Incompatible salts are often mentioned in books.
But these incompatible salts often exist together
while the water is cold; but as soon as the water
is heated, decompositions take place..

The preceding are not given according to the
nice directions of the books; but they will serve
as a convenient guide,

If lead be suspected in water which has passed
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through leaden aqueducts, pass swlphuretted hy-
drogen gas into a portion of it, and if it contains
lead, it will instantly exhibit a dark brown tinge.

If copper is suspected in water,. or in any article
of diet which has stood in a copper vessel, pour in-
to it liquid ammonia, and it will become blue.

N. g Always institute collateral experiments
upon known substances, which are similar to those
for which you are searching. In doing this, make
use of very minute portions; because large quanti-
tits may alter the appearance. -

When it is required merely to know whether the
water is of that kind called hard-water, without re-
gard to the kind of substances held in solution, dis-
solve a small piece of fine hard soap in alcohol, and

ur a few drops of this solution into the water. If
1t is hard water, it will become milky—if not, it
‘will remain limpid.

ANarysis or Sorvrs.

The following formula was adopted by Dr. T.
R. Beck and myself, in analyzing the soils of Alba-
ny county, September, 1820; also, of Renssclaer
courity, in 1821.

1st. A quantity of the soil, including gravelly

bbles of the smallest kind, is pulverized ina

edgwood’s mortar. : :

2d. Parcels of two-hundred grains each are se-
parately weighed: three of them, if it is intended to
ascertain the propertion of iron; two, if riot. :

3d. One of the parcels is put ifito a crucible and
heated gradually, constantly stirring it with a dry
};ine stick, until the stick becomes a,little brownish

rom the heat, on pressing it against the bottom of
the crucible, o



192 - ANALYSIS OF SoILs.

Ath. The above is then carefully poured into the
scales and again weighed. What is deficient of
the 200 grains, is set down as water.

5th. The parcel is then returned into the eruci-
ble, and heated toa highred heat. It is frequently
stirred with a glass rod, and the heat is continued
until the mass presents no shining sparks.. After
allowing it to cool a little, it is returned into the
scales again, and what it wants of its last weight af-
ter being dried, is set down for the animal and ve-

etable matter. Part of this is undoubtedly water,
'gut probably is not more than should always be
considered as attached to this part. It may here be
.added, that there will be no blackness in the appear-
ance of the soil, if it has been sufficiently heated.
6th. Let it now be poured into an assay glass,
and add half a pint of pure water to it. After re-
peated stirring for ten minutes, let it stand about
three minutes, to allow the siliceous matter to settle.
Then pour off all which stands over the silicious
gart into another glass. Dry this sediment in-a
igh read heat, weigh it and set it down for the
silex. * A ’

7th. Let the part which was transferred to anoth-
er glass, stand until it settles, leaving the liquid
clear. Pour off the liquid into another glass, dry
this sediment with a high red heat, weigh it, and
set it down for the aluminous part.+

8th. The remaining liquid 1s then evaporated in

* This is not pure silex. But grains and pebbles in soil have the same effect upon
wegetation, i(sapphire (nearly pure alumine) asif a quarta (almost pure silex) Per--
haps we ought to eall this part.of s0il by some other name. We mean that part of soils
which be dissolved nor even hani lly suspended in water, and is not car-
bonate of lime. - :

t This is not a pure alumine. Butits strong attraction for water causes it tobe
longer sus pended in water } and on that property depeads its peculiar effects ypon
vegeiation. .
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a glass evaporating dish. The solid residuum is
scraped off, and weighed for soluble salts.

9th. The other parcel of two hundred grains is
put into a florence flask, in which haif a gill of equal
portien ot muriatic-acid and water has previously
been poured, and which has also been balanced by
weights in the scales. After allowing it to stand
about three hours, it is ascertdined how much less
than 200 grains is to be added to the weight, in or-
der to balance the flask. This is considered as the
weight of the carbonic acid that has been expelled.
Then by the table of component parts, as 44 is to.
56, so is this weight to the weight of the base.. The
ecarbonate of lime n the soil is thus ascertained. The
lime, however, must be subtracted from the silex,
and the weight of the carbonic acid must be de-
ducted from the animal and vegetable matter ; since.
the heat that burnt out the animal and vegetable
matter, also expelled the carbonic acid, and left the
lime with the silex.

We are aware that part of the quick-lime may’
remain with the soluble salts, and part of the car-
bonic acid may still remain with its' base and the
silex. The error, however, will be of no conse-
quence in agriculture, :

Particular attention is paid to the time required
for the alumine to settle. It is observed, that in
soils which are adhesive, and retain water a length
of time, the time necessary for the alumine tg settle,
is in the same proportion. It is also found to be a
much better criterion for determming the measure
of this quality, than the actual proportion of alumine.

R
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Average specimens of soil, from near Albany and
Troy, N. Y. :

Upland loam. Silex 67 ?er cent—-A\uminé 22
. —Carbonate of lime 1—Soluble salts 1—Decom-
posed animal and vegetable matter 5—Water 4=

100.

Best lowland loam.. Silex 55—Alumine 25—
Carbonate of lime 2—Soluble salts 1—Decom-
posed animal and vegetable matter 12—Water 4=
100.

Best river alluvion where water stands three or
four feet below the surface. Silex 75—Alumine
#7—Carbonate of lime 3—Soluble salts 1 —Decom-
posed animal and vegetable matter 11—Water 3=
100. '

Note. If the oxyd of iron is sought, most soils .

~will yield from 1 to 3 per cent. .

Iron may be brought to the state of the proto-
sulphate of iron, by boiling a portion of the soil in
sulphuric acid. After diluting it largely and letting
it settie, pour off the lignid and precipitate the iron
with the benzoate of ammonia. This test gives a
yellow precipitate ; which imay be dried, weighed
and caleulated. . '



—vm

( 195 )

ORGANIC SUBSTANCES.

Remarks. Under organic substances are includ-
ed the subjects of the vegetable and animal king-
doms. The ultimate elements, constituting all vege-

able and animal substances, have been described
and their chief properties illustrated by experiments,
in the preceding part of this work. But when
those simple substances are arranged according to
}\ the laws of organization, and endowed with the liv-
‘ ing principle, phenomena are induced which elude
the researches of the chemist. :

The constituents of vegetable and animal matter,
are properly divided into proximate and ultimate

- elements. T’he proximate clements are those com-
pounds into which animal and vegetable matter
muay be resolved, and still retain properties most
nearly resembling these organic substances, before
they were subjected to the process of decomposi-
tion. Such as resin, starch, gum—glue, albufien,
oil, &c. The ultimate elements are the simple sub-
stances inte which they may be resolved, by a thor-
ough analysis, Such as oxygen, carbon, &c.

Much progress has been ‘made in this department
of chemistry within a few years. But the complex
nature of organic matter presents many difficulties,
and the analyses are very slow and tedious. By
following the directions given by such extensive
and learned works as M'Neven’s Brande, Gorham’s
Chemistry, Silliman’s Henry, &c. we may succeed
in repeating the experiments, necessary for demon-
strating the truth of those principles, adopted by
the great philosophers of the age. But such a

| o
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course of experiments would require the labour of
many months, or perhaps of yeurs. :

Having become practically acquainted with the
most important properties of all the elementary
constituents of animal and vegetable matter ; we
are now prepared to understand the descriptions
given us by those, who have patiently and labori-
ously investigated them. 'We must therefore con-
tent ourselves with the history of their labors, and
rely upon the truth of their experiments ; as we do
upon the astronomical calculations of Newton, Le
Lande, Herschel and others.

VEGETABLE SUBSTANCES.
UrtiMaTE ELEMENTS.

Vegetable matter is essentially composed of car-
bon, oxygen and hydrogen.

The cruciform family of plants, such as cabbage,
- mustard, radishes, &c. contain a little nitrogen, In
so#c few plants sulphur has been detected. Pot.
ask, lime, soda, nagnesia, and silex, have been
found in plants. ‘

When vegetable matter is heated in a retort to
that degree which is called destructive distillation,
the constituent elements assume new arrange-
ments ; and carbonic acid, carbonic oxyd, carbu et-
ted hydrogen, empyreumatic oil, water, &c. come
over, legging charcoal, and generally some earths
and salts in the retort. .

After these products are separated, each is analyz-
ed. From the result of these analyses, the propor-
tions of carbon, oxygen and hydrogen are ascer-
tained. Or if we rely upon the analyses of these
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products, which have been made by chemists, we
have only to ascertain the proportions of these pro-
ducts to be enabled to calculate the quantity oF the
ultimate elements contained in any vegetable sub-
stance under examination.

ProxiMATE ELEMENTS.

The best ascertained proximate principles, or ele-
ments,.of vegetables, exclusive of the acids, are—~gum,
sugar, starch, gluten, extractive matter including
lignin, tannin, colouring matter, wazx, fixed oil, vo-
lutile oil, camphor, resin, narcotic principle, bitumen
and caoutchouc. ) :

These elements are separated by cold water, hot
water, alcohol, ether, or acids. The instructor may
exhibit each of these substances to the classand ex-

lain some of their properties, But they cannot
e extracted before the class in a course of instruc.
tion. ‘

Remarks. Experiments illustrating the proper-
ties of these substanées will not be described ; be-
cause the suggestion of common sense will furnish
all the directions required. It will not be expe-
dient to detain a class with many experiments up-
on them, if any.

Gum. Soluble in water and in alkaline solutions,
but not in alcohol. Consists of 53.4 oxygen, 6.6
hydrogen and 40 carbon. . _

Sugar. Less soluble in alcohol than in water,
Sugar is purified by boiling with blood of cattle,
which brings to the surface all impurities. By heat-
ing sugar with nitric acid, oxalic acid is formed.
Alkalies in solution mixed with sugar in solution,
destroy its sweemess; which is restored by a due
portion of acid. Consists of 51.3 oxygen, 6.8 hy-
drogen, 41.9 carbon. ‘R

2
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Starch. ~Starch may be washed from dongh.
Soluble in hot water, insoluble in alcchol-and ether.
By heating starch with a little diluted sulphuric
acid it may be converted into sugar. It consists of
48.5 oxygen, 7 nitrogen, and 44.5 carbon.

Gluten. It is the adhesive part of flour. Hard-
ly soluble in water or ether. What is called the
raising of dough cannot be effected where there is
a deficiency of gluten; consequently Indian meal,
when made into. bread, requires the aid of the glu-
ten of wheat or of rye flour. The process of raising
dough is as follows: By the aid of yeast fermenta-
tion 1s excited, which causes carbonie acid gas to
be formed. If the dough be made of Indian meal,
the gas will escape ; because there is no gluten to
detain it. But if it be made of the flour of wheat,
the carbonic acid gas, which is formed in every part
of the mass, is arredted by the adhesive property of
the gluten. As the gas continues to encrease and

to.expand, the whole mass is blown up into an im- -

mense number of vesicles. This aids the process
of Jgking ; because instead of requiring heat suffi.
cient to penetrate the solid mass, no more is requir-

cd than what is sufficient for the thin walls of the

vesicles, of which it now consists. Pearlash will
furnish carbounic acid gas in abundance, by being

decomposed with the vegetable acids produced in’

the dough.

Extractive matter including lignin. These are
very vague and undefined substances, comprising
the woody part as well as the most important -prin-
ciples of the plant which can be extracted. .

Tannin. An astringent principle in vegetables.
It is abundant in nut-galls, oak-bark, &c. It hasa
strong affinity for animal gelatin with whieh it unites
in making leather of skins.  ~

1]
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" Colouring matter. As this is connected with
other vegetable principles, it depends on them for
many of its properties. It is attracted with differ-
ent degrees of force by the different stuffs. Strong-
est by wool, next by silk, next by cotton, and least
by flax and hemp. Several of the salts attract co-
louring matter with considerable force, which at-
tract the stuffs also. These serve as the bond of
union between the colouring matter and the stuffs.
Such as copperas, alum, mariate of tin, &c. - These
substances are called mordants; and they frequent-
ly change the colour, at the same time that they as-
sist in fixing it.

Wax. Vegetable wax is found on the surface
of the fruit of the bay-berry, ( Myrica cerifera.)
Bees-wax is alsoa very perfect vegetable wax, when
purified and in the state of white wax. It is solu.

"ble in heated fixed oils, when# forms the cerates
of physicians. Some of the volatile oils dissolve
it also. It is soluble in potash and soda, forminga
soup-like compound. Itis not much affccted by
acids; therefore it is useful in etching, luting,
&c.

Fixed Oils. Vegetable fixed oil is pressed from
the flax-seed in large quantities; and is much used
- by painters. Castor o1l, which is pressed from the.
castor bean, (Ricinus communis,} is used in medi-
cine. Fixed vegetable oil may be pressed from
the fruit-of the walnut, butternut, &c. Olive oil
is also an important fixed oil. A fixed oil may be
sepurated into the concrete part, (stearinc ) and the
fluid purt (elaine.) And they are more or less in-
clincd 10 retain the liquid state, accurding to the

proporrion of elaine contained in them.

Som- oils readily become hard and resinous on

exposure, ‘These are called drying oils. 'I'hey are
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used in the manufacture of ‘printer’s ink. " Itis
pretty highly heated, set on fire and burned about
half an hour, then extinguished and boiled down
until it is of a suitable consistency. Afterwards it
is mixed with some spirits of turpentine and lamp-
black. Nut-oil is preferred for printer’s ink; but
linseed oil is often used..

Fixed vegetable oils combine with the alkalies
and form soap. The best hard soap is made of
olive oil and soda. '

Polatile Oils. These oils are very numerous.
They are distinguished from fixed oils by being
converted into a state of vapour by heat; whereas
fixed oils cannot be vaporized or volatilized with-
out combustion, and, of course, decomposition.
Some of the most common volatile oils are, spirits
of turpentine, oil of lemons, juniper, rosemary, tan-
sy, wintergreen, mint, (called peppermint essence,)
pennyroyal, fennel, cloves, cinnamon, aniseed, dill,
&c. They are highly soluble in alcohol, but hard-
ly soluble in water. They are mostly obtained by
steeping vegetablesin water, and then distilling over
in common stills. They are generally called es-
sences, because they contain the essence of the sen-
sible qualities of the vegetable.

The volatile oils become thick and somewhat re-
sinous by the absorption of oxygen on long expo-
sure toair. It is probable that volatile oils become
indurated and give strength and durability to the
- woody fibre by drying, For when timber is wa-,
ter seasoned, as it 1s called, (that is, soaked in wa-
ter a whileand then dried to prevent its shrinking,)
it is more easily broken and decayssooner. Wood .
is found to be less valuable as fuel, which is cut
down while green and exposed to rains. In both
cases the volatile oil is extracted more or less by
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water. It is therefore better for fuel or timber when
it is cut down ina green thrifty state and dried or
seasoned under a shelter. If a volatile oil is adul-
terated by a fixed oil, it may be detected by rub-
bing a little of it on paper, and holding it near the
fire. The volatile o1l will evaporate and leave a
greasy spot on the paper, which is made by the fix-
ed oil. The essence-pedlars generally purchase a
small quantity-of the volatile oils, and then adulte-
rate it largely with alcohol. This isa very com-
mon fraud, and ought to be detected and exposed,
which may be done by pouring a few drops into a
wine glass of water. The pure essence will float on’
the: water, and scarcely mix with it atall. Butif it
i1s-adulterated with alcohol, it will mix with the wa-
- ter and a change in colour, &c. will instantly ap.
ear. '
P Camphor. ‘This substance is obtained from the
camphor tree of Japan, / Laurus camphora.) ‘This
is a species of the same genus with the sassafras and
spice-bush of our country. And the camphor has
many properties in common with the volatile oil of
sassatras and of other vegetables. It is soluble in
alcohol and hardly soluble in water; it dissolves in
both the fixed and volatile oils. o
:Camphor may be made artificially. At leasta
substance is deposited very similar to camphor, by
passing a current of muriatic acid gas through spir-
its of turpentine. ¢ ‘
Resins. The juice which exudes from the white
pine and severul other species of the gerus pinus,
_ consists of the resin and the volatile oil, called spir-
its of turpentine. By distilling over the latter, the
former remains pretty pure. '
- Pure resinis insoluble in water, soluble in alco-
~hol and the ulkalies, and almost devoid of taste or
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smell.  Those which do give off any odour, are
con.bined with volatile oil ; and’are generally de-
nominated bulsams. Besides those resins. which
come under the general denomination of pitch, are
the guaiacum, copal, mastich and others; the two
last of which are hardly soluble in alcohol.  There
are several hurd resins, called lae, which are depo-
sited by an insect of the Eust Indies on twigs of
trecs, &c. The most common of - these is called
shell-lac. ,
" There are compounds of gum and resin, called
um-resins. Gamboges and assafoetida are of this
{ind. As gum is soluble in water and resin in al-
cohol, it requires both for ‘their solution. Amber is
placed under resins; but it is hardly soluble in al-
cohol or irr the alkalies.

Narcotic principle. There is a suhstance in opi-
um in which the narcotic principle resides. The same
substance may undoubtedly be found in all other
poisonous vegetables of the narcotic kind.. It is
sometimes called morphia, on account of its induc-
ing sleep.

Bitumen. This substance partakes something
of the nature of oils and of resin. When pure, 1t
is a limpid liquid, and is then called naphtha. It
consists of about 87 per cent carbon and 13 per
cent hydrogen. As it contains no oxygen, the in-
flammable bases of potash; &c. are keptin it.—
‘When in the state of a brownish or iridescent li-
quid, as it is seen floating on stagnant waters, it is
called petrolium. When in the solid state, as it is
found m T'rinidad, and on the shores of Lake As-
phaltides, it is called asphalt.
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VEGceETABLE Acips.

The ultimate elements of vegetables may be so
cvombined as to form compound acidifyable bases ;
these bases may be acidified and form vegetable
acids—as tartaric acid, oxalic acid, citric acid, ma«
lic acid, gallic acid, benzoic acid, &e.

Tartaric acid. This acid is produced by sever-
al of the fruite ; but the grape furnishes it in the
largest quantities. It is collected chiefly from wine
casks after the wines are drawn off. .

It is sold at the shops in the state of tartrate of
potash, super-tartrate of potash, (cream of tartar)
and tartaric acid. Fartrate of antimony, or emetic
tartar, consists of this acid combined with the pro-
toxid of antimony.

Ogxalic acid. 'This acid may be obtained by soak-
ing green wood-sorrel in pure water a short time
and then pressing out its juice into the water. i
have obtained the best acid fro:n the yellow flower-
ed wood-sorrel (oxalis stricta) which grows in
open fields. Itis the test for [ime in mineral waters, *
&c. This acid is made artificially with sugar and
nitric acid, as mentioned under sugar. The pro-
portions to be heated together are, white sugar dis-
solved in twice as much water, and then boiled in
a florence flask with four times as much nitric acid
as sugar. Vid. M‘Neven’s Brande, p. 497. Ox.
alic acid tuken in large quantities is an active pois-
on. Authors who assert this, refer to the artificial
acid. I can hardly believe it to be a poison in its
natural state. For being a pleasant acid, the plant

—— .

* I put some of the expressed juice of the oxalis stricta into a vial at Hodson in Au.
gust 1819. In June 1820, this was found to be a good test for lime; though it had been
€ropen several months in the time.

[ J
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is eaten in great quantities by children as well as by
adults ; and I never heard of any evil consequences.

Citric acid. ‘The acid of lemons and limes. It
is a eooling pleasant acid well known. It consists
of 54.8 oxygen, 4 hydrogen, and 4}.2 carbon. It
is applied to iron rust spots on cotton and linen,
when it forms citrate of iron which is colourless.

Malic acid. 'The acid of green sour apples. The
taste is harsh and unpleasant. It is also applied. to
iron rust spots, as the- citric acid. It consists of
54.9 oxygen, 16.8 hydrogen,. 28.3 carbon.

Gallic acid. This is produced in abundance in
the common nut-galls from the Levant. Itis found
dn the nut-galls of. some species of the American
oak also. It is contained in oak-bark, &c. From
any of these substances it may be obtained by seak-
ing them in water. Though not pure, it will
do very well for common use. Gallic acid and the
oxyd of iron form the basis of writing ink. Its use
as a test has been shewn. It consists of 38.4 ox

ygen, 5 hydrogen, 56.6 carbon. '

Benzoic acid. This acid is sold in the shops
in fine white needle-form ' crystals, called flow-
ers of benzoin. Itis obtained by sublimation from
what is called gum benzoin; being a resinous ex-
udation from the Styrax benzoin of Sumatra. It is
used in medicine, and forms a salt with amwmonia,
called benzoate of ammonia, which 1is an excellent
test for the presence of the oxyd of iron. It is pre-
pared by dissolving the acid in water, and then by
dropping in the carbonate of ammonia until effer-
vescence ceases. :

Remark. There are many other vegetable acids 5
but they are of minor importance. Such as the
boletic acid from touch-wood, &c.




VEGFETABLE SUBSTANCES. 205

PropUCTS OF FERMENTATION.

Some végetable solutions will undergo spontane-
ous changes. whereby alcohol or vinegar is produc-
ed ; during this process carbonic acid gas is evol-
ved. ‘

Tllustration. Put some sugar into a florence flask,
and dissolve it with about five times as much warm
water, and add a little yeast. Set it where it will
continue to be warm, but not hot. Let one end of
a bent tin or glass tube be fitted into the flask by
perforating a sound cork, and let the other end pass
under the moveable shelf of the cistern. After
standing a while, a gas will begin to come over,.—»
As soon as the atmospheric air has passed out, be-
gin to collect the gas. On testing it with lime-
water, it will be found to be carbonic acid gus.

Application. From this experiment it appears,
that sugar alone is sufficient to produce fermentation
with water, when started with yeast. It is found
that sugar is essential by many trials. This is the
same gas which issues from cider, beer, &e. when
fermenting—it is also produced in dough when ris-
ing, as before described. :

‘he intoxicating substance, called alcohol, is
produced during. fermentation.  Alcohol being
converted into vapour with less heat than water, 1t
may be distilled over by a due degree of heat.—
Thus rum, brandy, gin, cider-brandy, &c. are ob-
tained.

Cider is sometimes boiled down for family use ;
as for muking apple preserves, &c. This shouid
always be done before fermentation commences ;.
because alcohol will then be formed, which will be
driven off and wasted by evaporaiion, while boiling
down the cider.

S

-
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The ardent spirits of commeree eonsist of alcohol
combined. with water, and some other adulterating
substances, giving each kind its peculiar flavor ;

Jrom cither of whieh pure alcohol may be abtained
by re-distillation, and the absorbing power of pot-
dsh. : : .

Illustration.  Fill a pint retort half full of com~
mon proof whiskey. Fit the beak to a receiver and
surround the neck with beeswax where it enters the
receiver ; so that if water .is applied to. the neck:of
the retort it cannot run into the receiver. Let the
receiver be immersed in cold water, or surrounded
with.snow. Set the retort into. the lcad pot over
eoals in the usual way, and raise the heat by the
hand-bellows. Set the lead pot so near the cistern,
that cold water may be poured on the neck of the
retort and be renewed in the vessel where the re-
ceiver is immersed, without wetting the room. Al-
cohol will rise up in vapor and be condensed in the
neck of the retort,and run down into the receiver.
After the measure of the alcohol in the receiver
about equals the measure of what remains in the -
retort, stop the process.

Put into a tumbler a quantity of pearlash, about
equal in weight to one fourth of the alcohol distilled
over, which had been made as dry as possible on a
plate exposed toa little heat, Ict the pearlash be warm
as can be borne by the hand.when put into the
tumbler, and pour the alcohol upon it. Now stir
it up and keep the alcohol in the tumbler with it,
about half an hour. Now let it settle and pour off

ythe alcohol for use.

Application. By this method very pure alcohol
may be obtained. On tie same principle, with large
retorts and receivers, alcohol may be obtained for
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the use of the physicianand the artist. If carefully
distilled and well prepared, it will be so inflamma-
ble that if it be poured upon an earthen plate with
good gun-powder on the bottom, it will burn down
and inflame the powder. .

Alcohol has such a strong affinity for water, that
on mixing them they unite so closely as to diminish
their measure, or volume.

Hlustration. Fill the bulb of a bolt-head, or long-
necked matrass, with water. Incline it a little, and
pour in alcohol to fill the neck almost full. Let it
glide down slowly along the inside of the neck, so
that it may chiefly float on the surface of the water.
Having previously tied a piece of a thread around
the neck, slide it to the precise level ofithe surface
of thealcohol. Now put the thumb over the mouth
of the bolt-head, and shake it so as to mix the two
liquids. It will now be seen that the surface of the
combined liquids is considerably lower than the
thread. : \ ' :
" Application. This diminution of the measure
of the liquids encreases their specific gravity. Con-
sequently the reduction of alcohol by water is not
iddicated directly by the increase -of the specific
gravity. - When perfectly pure the specific gravity
of alcohol is 0.79, but 1t cun hardly be obtained
below 0.82. Vid. the table in M’Neven’s Brande, p.
524. Pure alcohol consists of 34.32 oxygen, 13.70
hydrogen, and 51.98 carbon..

Alcohol, boiled with sulphuric acid, produces a
tight volatile.compound, called ether. _

llustration.  Having fitted the beak of aretort
to a tubulated receiver, as djrected in obtaining al-
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cohol, immerse the receiver in cold water, or sur:
round it with ice, Raise the heat in the lead pot
considerably ; but do not put in the retort yet. Put
Some alcohol into a tumbler, and add the same
weight, (or a little more than half the bulk) of sul-
phuric acid. The acid must be poured in gradu-
ally, and well stirred, as it drops in, with a glass
rod. If it is poured in fast it will become too hot ;
but it must not be so hot that the heat of the tum-
bler cannot be borne by the hand. As soon as it is
mixed, set the retort into the lead pot,.and immedi-
ately pour into it the mixed liquids through the tu-
bulature, and put in the stopper. Raise the heat to
a lite below the boiling point of water immediate-
ly, and keep it at that temperature. This may be
determined by frequently dipping a small stick in-
to hot- water, and touching it to the hottest part of
the retort. It must not be quite hissing hot. If
the stick is dipped in cold water it may break the
retort.

Continue the process until the whole liquid in
the retort begins to rise up. Then either stop the
process, or pour in half as much alcohol as at first,
and more may be brought over. If the vapour

resses too hard during the process, open the tubu-
ature. of the receiver an instant, occasionally.

Application. By adopting this method of pre.
paring ether, with large retorts and receivers, phy-
- sicians and artists may prepare the best of sulphu-
ric ether, and thereby avoid both expense and im-
position. o

Ether is extremely volatile ; so that if a part of
the atmospheric pressure is taken off, it will boil
mith the warmth of the hand. ‘

Tilustration. Put a little ether into a long-neck-
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ed vial (a Cologne vial is best.) = Heat the vial so
that it can hardly be borne by the hand, while its
mouth is open. Then put in the cork perfectly
tight. Now if a warm hand be clasped around the
neck of the vial, and it be held with the bottom up,
the ether will boil. ) '

Application. This experiment is an additional
confirmation of the principle given under Caloric at
p. 44. It exhibits the volatile nature of ether-also,
upon which much of its usefulness depends.

Fermented liquids which produce alcohol will un-
dergo a second fermentation, if' exposed to warm
atmospheric air ; in which state the alcohol will be
destroyed and vinegar will be produced.

Illustration. Expose a little cider, strong beer,
or wine to a summer’s sun, or to the air of a warm
room in an open bowl or an earthen plate, and in a
few days, or sometimes in a few hours, it will be-
come acetous, and loose all its alcoholic principle.

Application.  Upon this principle common vin-
egar 1s made. Oxygen is absorbed from the at-
mosphere, which is supposed to unite with and car-
ry off another proportion of carbon in the state of
carbonic acid gas. Pure acetic acid consists of
46.82 oxygen, 6.35 hydrogen, 48.83 carbon.

'If good sound wood be heated in a confined sit-
uation, as in a gun-barrel, &c. the pyraligneous acid
comes over, which makes good vinegar when sep-
erated from several impurities which come over
with it. Vast quantities of this acid are produced
in the manufacture of charcoal for making gun.
powder.

Acetic acid, the pure basis of vinegar, is best ob-
tained by combining common vinegar with the

- '8 2
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oxyd of a metal forming a salt, as acetate of copper
(verdegris) acetate of lead (sugar of lead) and them
distilling .1t over by heating the salt to redness,

When wine becomes partly acetous, called prick-
ed wine, the disagreeable taste is often corrected by
sugar of lead. It is then poisonous, and the fraud
ought to be detected. This may be done by drop-
ping it into a little water, charged with sulphuret-
ted hydrogen gas. It will immediately become
dark ﬁrown. '

SronTaNEOUS COoMBUSTION.

Some vegetable substances will become ignited
and burn spontaneously, if brought into contact with
certain acids and salts.

Illustration. ~Pulverize about a table.spoonful of
white sugar and dry it on a plate, being careful not
to melt it. Mix with it about one sixth as much
oxymuriate of potash ; and put a fittle on the top
of the mass, unmixed. Now dip a lump of white
sugar into strong sulphuric acid, and touch it to the
oxymuriate of potash on the top of the sugar, and
the whole will immediately become inflamed and
burn vehemently. .

Put half a table spoonful of spirits of tgrpentine
into a wine glass. Puthalf as much sulp®uric acid
into another wine glass, and the same quantity of ni-
tric acid into a third wine glass. Pour the two acids
into the spirits of turpentine at the same instant, and
it will burn rapidly and fly out of the glass in a blaze
to a considerable height. A board 3 or 4 feet long
and 14 inches wide must be set up between the oper-
ator and the glasses on the table to prevent his be-
ing injured ; and he must reach his arms around.
cach edge of it, and pour in thg acids.

‘a
.
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. -Perform the same experiment in the same way,
by substituting alcohol for spirits -of turpentine,
and adding a few grains of oxymuriate of potash. -

Application. We often hear of the spontaneous
‘combustion of persons, who have been long addict-
ed to the intemperate use of alcohol in the state of
whiskey, brandy, gin and rum. .These awful ca-
tastrophies cannot be explained in the present state
of human knowledge. These experiments may
go a little way towards their illustration ; though
at is acknowledged they are not satisfactory.

ANIMAL SUBSTANCES.

‘While animals are in the living state, that unde-
scribed something, called the living principle, ren-
ders their operations more intricate and complica-
ted than those of vegetables. In both animals and
vegetables, there appears to be two active princi-
ples at war with each other—these are denominated
the living principle, and the principle of chemical
affinity. The latter is deposed to derange the or-
ganic structure, and to form new chemical com.
pounds. But the former is the more powerful,
and resists the incessant attacks of the latter. Che-
mical affinity is exerting its energies every moment
of our lives to convert our bodigs into the most cdi.
ous gases, and inorganic liquids and solids. But
the living principle maintains its empire for a few
years. At last yielding to the unabating efforts of
chemical affinity, the most beautiful face loses its
youthful glow, and the speaking eye loses its brils
liancy. '%hey are given over to form the constitu-
ent elements of sulphuretted hydrogen, carburetted
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hydrogen, ammonia, carbonic acid, and other in-
organic substances. What now constitutes the
symmetry and all the fascinations of beauty,may be
converted inte the various gases; which, after float-
ing a while at the pleasure of the winds, are absorb-
ed by the earth, and re-appear in the form of a rose,
an ear of corn, or the deadly nightshade. :

UrtiMaTE ELEMENTS.

The essentwal ultimate elements of animal sub-
stances are, carbon, oxygen, hydrogen and nitrogen.
- Generally sulphur and phosphorus are found in ani-
mal matter.

The addition of nitrogen causes the most impor-
tant distinctions between animal and vegetable sub-
stance. It being one of the constituents of ammo-
nia, it gives rise to that gas, during the decomposi-
tion of animals, by the process called putrefaction.
-Several other substances are frequently found in ani-
mal matter ; as, oxyd of iron, lime, soda, potash,
&c.

ProxiMaTE ELEMENTS.

The most important proximate elements of anim-
al substances are, gelatine, albumen, fibrin and oil.

Gelatine. -This 'substance is commonly seen in
the form of glue and isinglass. Gelatine constitutes
a large proportion of the skins of animals, &c. It
has a strong affinity for tannin. This will appear
by dropping an infusion of tannin (from common
nut-galls will do) into a solution of isinglass. A
pretty solid precipitate will be formed of the union
of tannin and gelatine.  On this principle leather is
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formed ; the gelatine of skins combining with the
infusion of tanmn obtained by soaking bark in wa-
ter,

Albumen. This substance is the most distinctly
exhibited in the white of eggs. It always contains
so much soda asto give the alkaline test with red
cabbage. This may be shown by dissolving it in
pure water, and droppmg in the infosion of red
cabbage, which will give the green test of alkalies.

Fibrin. The constituent of the fibrous part of
muscles, &c. Fibrin and albumcn are the principle
constituents of blood.

Oil. This appears in the form of lard, tallow,
spermaceti, &c. It is divided into the stearine and
eluine parts like fixed vegetable oil. ~ Oil and albu-
men are the principal constituents of milk.

Remarks, Several more proximate clements are -
described by chemists, but they are of little impor.
tance to those for whom this work is intended.

BoNEs aAND SHELLS.

Internal bones of animals consist mostly of phos-
phate of lime. They contain a little carbonate of
lime and some animal matter.

External shells of animals are chiefly carbonate
of lime. They generally contain a lile phosphate
of lime, and some animal matter. Those animals
which are (‘.overed with an external crust, as the
lotg:er, &c. have their covering chiefly made up of
neafer equal proportions of carbonate of lime and
phosphate of lime, which contains a larger propor-
non of animal matter,



$14  Armvay SuBsTANCES.

RespiraTION.

Oxygen changes the dark colour of blood of the
weins, to the scarlet colour of arteriul blood.

IHustration, Drop a small mass of dark clotted’
blood into a vial of carbonic acid gas, and another
mass into.a vial of oxygen. ' Place the fingers over
the mouth of each, and' shake them pretty hard.
The blood in the oxygen will become scarlet col-
oured, while that in the carboniz acid will remain
dark coloured. ' If atmospheric air is now substitut-
ed for oxygen, and another portion put in, it will
become scarlet coloured, but not so- bright.

Application.. It appears from this experiment,
that oxygen may affect  the blood in respiration, so
as to produce the necessary change required (at least
in the colour) for rendering it a fit material for sup.
plying the waste of the system.

Atmospheric air suffers a diminution of bulk by
respiration ; and the oxygenis consumed, or di-
minished in quantity.

Illustration. Put a mouse into a glass cylinder,
and invert it over mercury, pressing it down into
the mercury for a few minutes at first, so that the
pressure of the mercury may prevent the escape of
air by the warmth of the mouse. Let the mouse
remain until it expires ; which will be # about half
an hour in a half pint cylinder. The mercury will

now be found to have ascended a little in the cylin- *

der. Ifgreat exactness is required, let the temper-
ature be regulated by the thermometer ; so that the
operator may be certain, that the air is not more
expanded when the mouse is put in than after.
wards, :
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Now take out the mouse through the mercury,
fill a slender tube or test glass with mercury and
pour up the contents of the cylinder into it. Turn

the open end upwards and hold the finger on it two -
or- three minutes. - ‘The gases within it will separate..

Carbonic acid will settle at the bottom, and nitrogen
will rise towards the top. This may be proved by
immersing in the top only, a small burning taper.
It will be extinguished two or three times, and after-
wards will.continue .to burn near the top. Let it
now stand open several minutes, and then imimerse
- the.taper to the bottom and it will be extinguished.
The nitrogen being lighter-than.atmospheric air as.
cends, and atmospheric air takes its place ; but car-
bonic acid being heavier remains at the bottom.

Application. - Several important principles are
illustrated. by this experimentt. A crowded assem-
bly in a close room consume the oxygen and gitfe
oﬂY carbonic acid gas. The excess of nitrogen as-
cends to the upper ceiling, while the carbonic acid
settles down near the floor. Consequently the pur-
est air, or that which contains most oxygen, is be-
tween the two. ,

The diminution of the bulk of air in the cylinder
is a strong argument against a late theory of Allen
and Pepys respecting respiration. The cld theory,
which this experiment seems to support in some
measure, supposes the ehange produced in the blood
to be caused Ry an additional portion of oxygen,
which is rcc;ivecf from the inhaled air, through the
thin membranes of the lungs. The theory of Al-
len and Pepys supposes the blood to be decarbonat.
¢d, by the union of a portion of carbon given off in
-the lungs with oxygen of the inhaled air.  But this
theory requires that the bulk of the air in the glass
cylinder should neither be increased nor diminish-
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ed. For the addition of carbon, in forming carbo-
nic acid, although it increases the specific gravity,
. does not increase nor diminish the bulk of the gas.

~See illustration at pages 109 and 110.

Animal effluvia, arising from the beds of the sick
or from other sources, may be neutralized, by the
strong acids in the state of gas.

Illustration. It seems to be proved by observa-
tion that such efluvia are combined with aqueous
vapor. The ready union of aqueous vapor and the
strong acids in the state of gas will appear by first

uring a tea-spoonful of muriatic acid upon ared

ot iron shovel, and then pouring a wine glass of
water upon it. The acid will rise up in the state of
a suffocating gas, and the water will follow it in the
state of vapor and absorb it almost instantaneously,
so that the suffocating gas will wholly disappear.

Application. Contagious vapor arising from the
beds of .he sick, the marsh miasmata (carburetted
hydrogen combined with aqueous vapor) and other

stilential efluvia, may be neutralized as follows:

emove the sick and other persons from the room.
Set a teacup or gallipot on the floor, half filled with
table salt. Pour into it strong sulphuric acid, and
the room will be filled with muriatic acid gas. Af-
ter a few minutes open the windows, and the air of
the room will be purified.

Acips. *°*

Animal matter highly heated in contact with pot-
ash will yield the prussic acid, (the most active of all
known poisons,) and the prussiate of potash will be
Jormed.

Illustration. Put some shavings of hides, which
may be procured at the tanners, into a crucible,
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and invert another crucible over it, as directed at
page 100.: Heat it until it becomes considerably
charred ; then take it out and reduce it to a coarse
powder. Boil some potash in a ladle and com‘im?
the heat until the potash is reduced to a dry gran-
ulated mass. Mix the two substances in about
equal parts, and heat the mixture in a ladle pretty
closely covered with a sheet of iron. Raise the
heat until the blaze which leaks out under-the cov-
er becomes- whitish or nearly colourless. Now

our:this mass into boiling water, and continue the
}:cat some time: Skim off all earbonaceous and
other substances ‘which rise to the surface. When
no more rises, stop the heat. This is . the liquid
prussiate of potash. It may be evaporated and form
imperfect crystals.

Application. This is the most delicate test for
detecting the presence of iron. But the experi-
ment is difficult to be performed before a cluss, and
hardly to be recommended. Prussiate of potash
may be purchased of the druggists.

. A solution of the prussiate of potash will form the
prussiate of iron (prussian blue) by double decompo-
sition with a solution of sulphate of iron.

Illustration. Dissolve some copperas in a wine
glass, and an extremcly small piece of prussiate of
potash in another. Put a drop of the solution of*
prussiate of potash into the copperas, and a prus-
sian blue precipitate will be formed.

Application. On the principle of the two last
. experiments, the prussian blue is manufactured in

the large way. "ic particular manipulations are
well described in Rees’ Cyclopoedia. Those who'
ure curious to become intimately acquainted with
all the particulars of tht':1  process, are referred to-
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Mr. White at his manufactory in Rensselaer coun.
ty, New-York.. In him will be found the ingenui-
ty of the artist, united to the scholar and the gen.
deman.

Prusstate of potash may be decomposed and prus-
siate of mercury formed, by botling it with nitric
oxyd of mercury, (red precipitate.)

~ Illustration. Pulverize some common prussian
blue and put it into a florence flask. Put in about

half and one eighth as much red precipitate. Then -

pour in about three times as nruch pure water
(calling a pint a pound) as of the prussian blue;
and boil the mixture until the red precipitate en-
tirely disappears. This will produce the prussiate
of mercury in the liquid state. It may be strained
through paper, and about one fourth-as much boil-
ing water as was put in at first may be added.

Application. ~ This salt is not much used, ex-
cepting for the purpose of procuring pure prussic
acid. For this use it is best to keep it in the li-
quid state, as above directed to be made, closcly
corked up in vials. '

Prussic acid may be obtained from the [)russiaté
of mercury by heat. : S

Illustration.  Fit a long.necked tubulated retort
to a tubulated receiver. Surround the receiver
with snow or ice, and set. the retort into the lead

ot in'which the coals are but very little heated.
gour into the retort some of the liquid prussiate of
mercury prepared as above, through the tubulature,
Pour about one eighth part as much pure water
through the tubulawure into the receiver; and fit a
waste pipe into the tubulature which may conduct
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off, into water or elsewhere out of the way, hydro.
gen and any other offensive gas which may arise.

In order duly.to regulate the heat, &c. now put.
into the retort through the tubulature about half as
much by weight of pure fine iron filings, as was us-
ed of the prussian blue. All being ready, now pour
in as much strong sulphuric acid by weight as of
the iron filings, and instantly wring in the glass stop-
per very tight. Blow very lightly into the air hole
of the lead pot with the hand bellows, so as to raise
the heat a little ; but not so as to boil nor even to
simmer the liquid. Hydrogen gas will pass into
the receiver and out at the waste pipe. The prus-
sic acid will come over in a state of vapor, and be-
ing condensed by the cold of the ice &c. will rum
down and unite with the water in the receiver. Af.
ter it appears that about two thirds as much liquid
is in the receiver as would equal the weight of the
prussian blue (calling a pint- of the liquid a pound)
stop the process, cork up the prussic acid in vials
and put it-into a dark cetlar, which is cool in sum-
mer and warm in winter.

Application. This substance is lately used in
consumptive cases. Two or three drops are dilut-
ed in a large quantity of water, It is the most ac-
tive narcotic known. Two or three dropson a
large dog’s tongue or in the corner of its eye, will
kill it in one or two seconds, It is too dangerous .
an article to make or to use before a class. Let it
be described to the class; but it should be made in
the private office only. A small quantity is found
in the meats of almonds, peach stones, cherry bark,
the laurus cerasus, &c. And the scent of the prus.
sic acid considerably resembles the odour of these
vegetables. '

Some chemists place this substance among the
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vegetable acids, because it is found in vegetables
and not in animals. Since it is produced from ani,
mal substance I have placed it here ; though Ido
not contend for the propriety of this lecation.
~ The basis of this acid is found by Gay Lussac te
be a compound of carbon and nitrogen. It is the
carburet of nitrogen by some called cyanogen.

Remark. The remaining vegetable acids, enu- -
meratéd by authors, are of little use; and many of
them are not well defined. That which is most
worthy of the particular attention of the housekeeper
is the "

Sebacic acid. 1t is this acid which is so readily
produced by butter or fat, giving it a disagreeable
rancid flavor. . Butter with this flavor is called frowey
butter in New England. This acid may be neu-
tralized by any of the alkalies. Pearlash or carbon-
ate of soda will do it effectually. Ifa little pearlash
be dissolved in water, and the butter be worked
over with this water, all the sebacic ‘acid will com- -
bine with the potash and form a soluble salt. If the
‘butter is then worked over two or three times with
pure water, the sebaceate of potash as well as the
pearlash will be worked out, leaving the. butter

ure. : :

P If cakes, &c. be shortened, in the language of
eooks, with frowey butter, and pearlash be added,
tke sebacic acid will decompose some of the pearl-
ash, and thereby furnish carbonic acid to assist in
raising the dough. This is the best method of using
rancid butter or fat. Because the alkali may some-
times be tasted aiter it has been applied for cleans-
ing as before described ; but when used for short-
ening, it cannot. .




TABLES.
—
AroTuEcariEs’ WEIGHT.

20 grains 1 scruple—3 scruples 1 drachm—8
- drachms 1 ounce—12 ounces 1 pound.

Marks oN WEIGHTS.

o stands for grain—b for scruple—3 for drachm
—35 for ounce—1b for pound—i or J for one of
either, ii for two, &c.

Frencu WEIGHTS.

A millegramme is equal to 0.154 of a grain—a_
centigramme, 0.1544 gr.—a decigramme, 1.5444
gr.—a gramme, 15.4440 gr.—a decagramme,154.
4402 gr.—a hecatogramme, 1544.4023 gr.—a
kilogramme, 15444.0234 gr.—a myriogramme,
154440.2344 gr.

WEeicHT oF GasEks.

Atmospheric air being assumed as the standard
or unity, 100 cubic inches, weighing 30 grainsand
20 hundredths of a grain. Atmospheric air, 1.000
—oxygen, 1.117—nitrogen, 0.968—hydrogen, O.
074—carbonic acid gas, 1.542—ammonia, 0.596—
sulphuretted hydrogen, 1.192—carburetted hydro-
gen, (olefiant) 0.998-—coal gas, 0.450—phosphu-
retted hvdrogcn, 0.894—chlorine, 2.495—muriatic
acid, 1.285—nitrous oxid (exhilarating gas) 1.527
—nitric oxid, 1.043—nitrous acid, 2.135—sul-

T2
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phurous acid, 2.235-~prussic a~id (hydrocyanic)
0.946—water in vapour, 0.623~—alcohol in vapour,
1.500—sulpharic ether in vspour, 2.396—spirits
of turpentiri¢ in vapour, 5.013. -

SiMPLE AFFINITIES.

Each substance, printed in small capitals, has the
str .nggst affinity for the substance standing next to
it, and this force is weaker for the next, and so in
succession. )

Oxycen. Carbon, manganese, zinc, iron, tin,
antimony, hydrogen, phasphorus, sulphur, arsenic,
nitrogen, nickel, cobalt, copper, bismuth, mercury,
silver, gold, platina, muriatic acid. ’

OxyceEN. [Setdown according to the difficul-
ty with which it is sgparated from metals, by heat,
when combined by nature. ]

Titanium, manganese, zinc, iron, tin, molybde-
na, cobalt, antimony, nickel, arsenic, chrome, bis.
muth, lead, colger, platina, mercury, silver, gold.

CARrBoON. xygen, iron, hydrogen. :

Nitrocen. Oxygen, sulphur ?’ phosphorus,
hydrogen.

Hyprocen. Chlorine, oxygen, sulphur, car-
bon, phosphorus, nitrogen..

SurLrHUR, PHosrHORUS ? Potash, soda, iron,

_copper, tin, lead, silver, bismuth, antimony, mer-
cury, arsenig, molybdena. -

Potasu, Sopa and AMMon1A. Acids. Sul-
phuric, nitric, muriatic, phosphoric, fluoric, oxualic,
tartaric, arsenic, citric, benzoic, sulphurous, acetic,
boracic, carbonic, prussic, oil, water, sulphur.

BaryTEes. Sulphuric, oxalic, fluoric, phospho-
¥ic, nitric, muriatic, citrie, tartaric, arseénic, benzoic,
boracic, carbonic, prussic. '
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StronTIAN. Sulphuric, phosphonc, ox ahc,
tartaric, fluoric, nitric, muriatic, carbonic. :

Liue. Oxalic, sulphuric, tartaric, phosphoric,
mmc, muriatic, fluoric, arsenic, citric, malic, ben-
zoic, boracic, carbonic, prussic, sulphur, phospho-
rus, water, fixed oil. .

MagnEesta. Oxalic, phosphoric, sulphuric,
fluoric, nitric, muriatic, tartanc, citric, benzoic,
acetic, boracic, carbonic, pruss:c, sulphur.

ALUMINE. Sulphunc, nitric, muriatic, oxalic,_
fluoric, tartaric, citric, phosphonc, bcnzonc, acetic,
boracic, carbonic, prussic.

S1Lex. Fluoric, potash.

Oxyp or Pratina, Oxyp or Gorpn. Gal.
hc, muriatic, nitric, sulphunc, arscmc, ﬂuonc, tar-
taric, phosphoric, acetic, prussic, ammonia.

Oxyp or SiLver. Gallic, muriatic, oxalic,
sulphuric, phosphoric, nitrie, arsenic, fluoric, tarta-
ric, citric, acetic, prussic, carbonic.

Oxyp oF MErcury. Gallic, muriatic, oxal.
ic, arsenic, phosphoric, sulphurie, tartaric, citric,
malic, nitric, fluoric, acetic, benzoic, boracic, prus-
sic, carbomc.

Oxyp or Leap. Gallic, sul huric, oxalic,
arsemc, tartaric, phosphonc muriatic, nitric, fluor-
ic, citric, malic, acetic, benzonc, boracie, prussic,
carbonic, fixed oils, ammonia.

Oxyp oF Correr. Gallic, oxalic, tartaric,

urmuc, sulphurlc, nitric, arsemc, phosphonc, fluc
oric, citric, acetic, boracic, prussic, carbonic, fixed
alkalies, ammonia, fixed oils. ‘

Oxvp or Arsenric. Gallic, muriatic, oxalic,
sulphunc nitric, tartaric, phosphoric, ﬁuonc, citric,
acetic, prussic, fized alkalies, ammonia, fixed oils,
‘water,

Oxyp or Iron. Gallic, oxalic, tartaric, cam-

'
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phoric, sulphuric, muriatic, nitric, phosphoric, ar-
senic, fluoric, citric, acetic, boracic, prussic, car-
bonic. ,

Oxyp or Tin. Gallic, muriatic, sulphuric,
oxalic, tartaric, arsenic, phosphoric, nitric, fluoric,
citric, acetic, boracic, ammonia, prussic.

Oxyp or Ziwnc. . Gdllic, oxalic, sulphuric,

muriatic, nitric, tartaric, phosphoric, citric, fluoric,
arsenig, acetic, boracic, prussic, carbonic, fixed al-
kalies, ammonia. .
" Oxyp oFr AnTimMony. Gallic, muriatic, ben-
zoic, oxalic, sulphuric, nitric, tartaric, phosphoric,
citric, fluoric, arsenic, acetic, beracic, prussic, fixed
alkalies, ammonia.

Surpuuric Acip, Prussic. ‘Barytes, stron-

- tian, potash, soda, lime, magnesia, ammonia, alu-
mine, metallic oxyds. )
. Punosproric Acip,Carsonic. Barytes, stron-
tian, lime, potash, soda, ammonia, magnesia, (at-
tracts car. stronger than ammo.) alumine, metallic
oxyds. .

Nitric Acip, Muriatic. Barytes, potash,
soda, strontian, lime, magnesia, ammonia, alumine,
metallic oxyds.

Frvoric Acip, Boracic, Arsenic. Lime,
barytes, magnesia, potash, soda, ammonia alumine,
silex.

AckeTtic Acip, Lactic. Barytes, potash, soda,
lime, ammonia, magnesia, metallic oxyds, alumine.

Oxaric Acip, TarTaric, CiTric. Lime,
barytes, strontian, magnesia, potash, soda, ammo-
nia, alumine, metallic oxyds, water, alcohol.

Bewnzorc Acrp. White oxyd of arsenic, potash,
soda, ammania, barytes, lime, magnesia, alumine.

Fixep O1rs. Lime, barytes, potash, soda, mag-
nesia, oxyd of mercury, other metallic oxyds, alms
mine,
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Arconor. Water, ether, volatile oil, alkaline
sulphurets. : . .

SurpHURETED HyprocEN. Barytes, potash,
soda, lime, ammonia, magnesia. :

PROPORTIONS OF ELEMENTARY CON.
STITUENTS.

- BINARY COMPOUNDS.

The oxygen 10 in all, excepting ammonia.

Water, 1.32 hydrogen-—carbonic acid, 3.77 carb.
—sulphuric acid, 6.66 sulphur—phosphoric acid,
8.7 phos—mnitric acid, 3.51 nit —chlorine, 34.1 mur.
acid—ammonia, 17.54 nit. 3.96 hyd—soda, 29.1
sodium—potash, 49.1 potassium-—magnesia, 14.6'
magnesium—lime, 25.46y calcium—red oxyd -of
iron, 23 iron—green oxyd of iron, 34.5 ir—black
oxyd of copper, 40 gopper—oxyd of zinc, 41 zi
—red oxyd.of mercury, 125.5 merc—Dblack oxy
of mercury, 251 merc—litharge, 129, 5 lead—oxyd
of silver, 135 silver..

‘ TERNARY COMPOUNDS.

Subcarbonate of ammonia, 27.5 acid to 21.5 am
—--subcarbonate of soda, 27.5 carb. ac. tu 39.1 so-
da-.-subcarbonate of potash, 27.6 acid to 56.1 pot-’
ash--.carbonate of. lime, 27.54 carb. acid to 35.46
lime--—carbonate of barytes, 27.5 acid to 97 barytes
—sulphate of soda, 50 acid to 39.1 soda---sulphate of
magnesia (dry) 50 acid to 24.6 magn---ditto crys-
tallized, 74.6 sul. mag. to 79.3 watgr-..sulphate of
barytes, 50 acid to 97 barytes«--sulphate of copper,
50 acid to 50 copper to 56.6 water---sulphate of iron,
50 acid to 34.5 iron to 79.§ water---sulphate of zinc,
50 acid to 51 zinc to 79.3 Water---nitrate of potash,
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67.54 acid to 59.1 potash--.muriate of ammonia,
34.1 acidto 21.5 am. to 11.32 water---muriate of so-
da, 34.1 acid to 39.1 sod1---muriate of potash, 34.1
acid to 59.1 potash---oxymuriate of potash, 93.2
mur. pot. to 60 ox---muriate of lime, 34.1 acid to
85.5 lime---muriate ot barytes, 34 acid to 97 barytes
---cor. munate of mercury, 34.1 acid to 10 ox. to
125.5 merc---submuriate of ditto, 34 acid to 10 ox.
o 251 merc---sulphate of lime (dry) 50 acid w 35.5
lime---ditto crystallized, 85.5 sul. lime to 22.4 wa-
ter.

EFFECTS OF HEAT AT THE DIFFERENT DEGREES OF
FAHRENHEIT,

90 degrees (below zero) the greatest degree of
artificial cold—55 nitric acid freczes—50 natural
cold at Hudson’s Bay—46 ether? and strong liquid

monia freeze—39 mercury freezes—36 sulphu.
ric acid freezes—O cold produced by equal parts of
snow and salt—25 (above zero) human blood free-

zes—30 milk freezes—32 water and oxymuriatic |

acid freeze— 67 water boils in’a vacuum—297 lard
melts—98 blood heat, ether boils—107 feverish
heat—122 phosphorus burns—127 tallow melts—
142 beeswax melts—176 alcohol boils—212 water
boils—442 tin melts—476 bismuth melts—540 ars-
enic is volatilized-- 590 sulphuric acid boils—612 lead
melte—643 mercury boils—700 zinc melts—809
antimony melts—1077 iron red by daylight—1892
silver melts—2205 copper melts—2517 gold melts
—6508 iran weldiag hot—8696 cast iron melts—
10517 manganese melts—11454 soft iron melts—
23177 platina melts.
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~ ATOMIC THEORY.

RELATIVE WEIGHT OF ATOMS,

Mr. Dalton has shewn, that if the weight of the ul-
timate indivisible atom of oxygen be called one, the
weight of the ultimate atoms of the following sub.
stanggs are proportioned to it as here set down, -
Oxygen 1—nitrogen 1.8—hydrogen 0.13—carbon
0.75—phosphorus 2.6—sulphur 2—chlorine (if
simple) 4.5—potassium p—sodium 5.88——calcium
2.6—barium 8.7—magnesium 1 5—gold 24.9—
platina 12 1—silver 13.7—mercury 25—copper 8

 —iron 7.1—"tin 14.7—lead 12.9—zinc 4—bismuth

9—atimony 11.2—arsenic 6—manganese 7.1.

NUMBER OF CONSTITUENT ATOMS IN COMPOUND
. SUBSTANCKS.

* Acvds. .
Water 1 ox. 1 hyd.—carbonic acid 2 ox. 1 car.
—oxyd of nitrogen 1 ox. 1 nit.—nitrous acid 3
ox. I nit.—nitricacid 5 ox. 1 nit. —phosphoric acid
3 o0x.'1 phos.---sulphurous acid 2 ox. 1 sul.—sul.

phuric acid 3 ox. 1 sul.—oxalic acid 3 ox. 2 car-
bon and hydrogen.

Alkabies.

. Potash 1 potassium 1 ox.—soda 1 sodium 2 ox, ~°
—ammonia 1 nitrogen 1 hydrogen—Ilime 1 calcium
1 ox —magnesia 1 magnesium 1 ox.—barytes 1
bar. 1 ox. ‘ .

Oxyds of mctals.
Protoxyd of manganese.l man. 1 ox.—deu-

L4
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toxyd of manganese 1 man. 2 ox.—tritoxyd of man.

Lman. 3 ox.—peroxyd of manganese 1 man.
4 ox.—deut. iron 1 iron 2 ox.—per iron 1 iron 3 ox.

—pro copper 1 cop. 1 ox.—per copper 1 cop. 2 vx.
—deut tin 1 tin 2 ox.—tri tin 1 tn 3 ox.—per tin
1 tin 4 ox.—pro lead 1 lead 1 ox.—deut lead (red
Jead) 2 lead 3 ox.—per lead 1 lead 2 ox.—pro zinc
(it has but one degree) 1 zinc 1 ox.

Salts.

Sulphate of soda 1 acid 2 soda---sulphate of mag-
nesia 1 acid 1 mag.---sul. lime 1 ac. 1 lime---alum
6 sulphuric acid 5 alumine 1 potash-.-sulphate of
copper 1ac. 1 cop.---sulphate of iron 1 ac. 1 iron---
sulphate of zinc 1 ac. 1 zinc---nitrate of potash 1
ac. 1 pot.---nitrate of silver 1 ac. 1 sil.-.-nitrate of
mercury 1ac. 1 mer.---carbonate of ammonia 1 ac.
1 am.-.-carbonate of lime 1 ac. 1 lime---carbonate

A magnesia 1 ac. 1 mag.

Urets.

Sulphuret of iron Scubic) 4 sul. 1 iron---sylphu-
ret of lead 1 sul. 1 lead—sulphuret of «ntimony 2
sul. 1 ant.--.sulphuret of zinc 1 sul. 1 zinc---sul-
phuret of copper 1 sul. 1 cop..--carburetted hydro-
gen 1 car. 2 byd,---sulphuretted hydrogen 1 sul. 1
hyd..--phosphuretted hydrogen 1 phos. 3 hyd.
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A c.
. page | Calomel
Acetic acid 209 | Caloric
ﬂgg‘i{MIe substances so,g g hor
substances . n
Acidulous waters ”I, 1 | Carbonate of iron
Aethiops mineral} 1 Carbonicacid
jumrtnlty 27,39 garburet of l‘:'o:t
89 ::?lm ydrogea
Albumen 2I3 | Cast iron
Alcohol 42 | Cerium
Alkalies : 121 | C
Alloys 120 | Chlorine
Alum 146 | Choak-damps
Alumine 84,146 Chrome
nnmlﬁan 190 | Cider
Amathyst 145 | Cinnabar
Amber 203 ; Cistern
Ammonia 96,139 | Citric acid
Ammoniuret @166 Clay marl
Analysis 187 | Clothes
Animal substances 211 | Cobalt
Antimony . 36,167 | Coin
paratus 9| Cold
Aqua ammonia 152 | Colouring
Aqua fortis ’ g3 | Colours
Aqua regia 170 | Columbium
Aqueous vapor g0 | Combustion
Argentum vivum 176 | Conductors
Arsenic 6,163 Copper
Asbestos 141 | Copperas
Asphalt 202 | Corrosive sublimats
ﬁ:mospherlc air 89 gomn:‘;m-
omic §feory osmetic
: a“ Cream of tartar
B. Crocus of anti mony
Cyanogen
B i
oon 85 D.
Balsams 202
Barilla 138 | Decarbonate
Barytes 83, 139 | Definite proportions
Bell 56 | Deflagrator
Bell-metal . 165 | Deuto-sulphate
Benzoic acid 904 | Deutoxid
Bismuth, 86, 169 Diamond
Bitumen Dough
Black lead 164
Bleaching 98, 139 E.
Blo?;ip . 2; 4| Earth
151
me vipt:lol i 165 %m;,'h
Bones 213 | Eloctive affinity
Boracic acid 119 | Electricity
Borax 119 | Emery
Boron 82, 19 | Epsom salts
Brass 185 s
Bread 198 | Ething
gl:lc" 148
mstone 81
Bronze 165 Exmw *
Bubbles & ! Exbilirating gas

R
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Explosion
Extractive matter

Face paints

reezing
Freezing mixtures
Fulminating powders
Furoace

G..

Gallic acid
Galvanism .
Gas ignts
as-lights
Gelatine
Gems
Gibbsite
Gilding
Glass
Glass screens
Glauher’s salts
Clazing
Gluten
Glycine
Gold

gease
reen vitriol

Gum
Gum-resin
Uun-powder

Hard soap
Hard waters
Harrowgate
Hartshorn
Hoeing
Hydrogen

ll;dm sulphuret of ammonia

Hypo
1.
Indellible ink
Todine
Iridium
Iron
Isinglass
J.

Jack o’ Lantern

Kelp *

INDEX.

127,175,181 57
198y . ¢ 198
o 139
83
- L)
103
s
n
g7 »
29,78 § 84, 141
1L
80 88, 159
49 | Manures ‘m, 147
127,174,181 | Marsh miasmata 2{3
jie bt
Mercurial trough 14
ercury 87, 176
Metalloids 82, 131
204 | Metals 85, 149
58 | Meteors 107
10 | Minerals . 187
117 | Mineral waters 189
°12 :nlmtl: “ 183
144,145 olybdena
“’ue Mordants ﬁ
171 | Mo 202
144 | Muriaie of ammtonia 129
146 | M of lime 188
128 | Muriate of soda 127
148 | Muriate of tin . 161
198 | Muriatic acid 3
84 N
e |
3 Naphtha 202
166 | Narcotic principle 202
187 | Nickel - 37
202 | Nitrate of ammonia 181
126,185 itrate of mercury m
Nitrate of silver 178
Ilg i:::iic acid 93
itric oxyd
128 | Nitrogen 81, 87
188 | Nitrous acid 94
10 | Nitrous oxyd 95
}%?, Nomenclature €8, 120
30,79
133 ¢ -
69 | Obliterate 73
oil 199, 200
0il of vitriol 99
Olifiant gas 116
173 | Organic substances 195
29 | Orpiment . 163
87 ] Osmium 37
35154 | Oxalic acid 208
212 | Oxid or Oxyd 149
Oxygen 28, 63
Oxymuriate 85, 129, 1719
Oxymuriatic acid, 28, 61, 70, 130, 138
108
. P
Palladium 87
Patent yellow Is84
128 | Pearlas! 122
Pendulums 46
Per-oxyd 69
Petrolium 202
37,182 {cwur 183
27,59 hilosopher’s wool 162

4



Phosphsrescenge 62
thplmruse‘i N 82, 67, :
Phosphuretted hydrogen

Pigments 170,
Pinchbeck ¥
Plants
, Platina

Plumbago A
Poisons 0
Potash 04y 121
Potter-bakers 157, 148
Powers 217, 89
Precipitate per se n
Proto-slphate 120
Protoxid 69,120
Proximate elements 197
Prussic acid 316
Pyrometer 147
Q.

Quartz 145
Quicksilver 176
R.

ing bread 198
. 163
Red cabbage 21
. i
ed precipitate é
Reflectors 53
Resin 202
Respiration 214
%hodxi.:'m 1l-gl :;
in bell-glass
Roci clqystal 145
Roman vitriol 165
Ruby 145
Rust 156
8.
Safety lamp 116
Sal ammoniac 129
Saltpetre 64, 93, 124
Sanphire 145
Scheele’s green 166
Sebacic acid 220
Sheet tin 160
Shelf 10
Shells 218
Ship N 86
Shooting stars 107
Silex 84, 143
Silver 87, 172
Silvering 174
g'i:.h 101
123, 128
Soag bubbles %, 85
Soapstone 141
Sods 83, 127
Soda wateg 111
Boils, 148, 147, 191, 194
Solar caloric 145
Solder 182
Spirits of hartshorn <182
Spontaneous combustion 80
8Starch 198
Stee) 154

Stove
Strontian
Sub-carbonate of potash

o f

phate of copper
Bulphate of iron
Sulphate of soda
Sulphate of zinc
Bulphur
Sulp:urel '&l" il(:rn
Sulphuret! ydrogen
2lphuﬂc acid

Iphurous acid
Sympathetic mk.

T.

Teples ) -
Table salt
Tannin
Tartar-emetic
Tartaric acid .
Tartrate of antimony
Tartrate of potash
Tea pot
‘Tellurium
T caloric
Test
Thawing
Thermom eter
Thunder

Ultimate elements
Uranium

V.

Vegetable acids
Vegetables
Vegetable substance
Vinegar

Vitriolic acid
Volatile oil

Water

Wax

Well

W hite lead
White nothing

White vitriol
\Wood-sorrel

Yittria

Zine ®
Zircon
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